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I. INTRODUCTION 


The author's assignment as the Avionics/Armament (4-3) 
Division Officer onboard USS JOHN F. KENNEDY (CV-67) brought 
En scur2 ewsreness of the criticality of electronic calibra- 


Ao he mission erfectiveness cf an aircraft cam icr 


(yom) end rs +embarked air wing. Viz-ually every item of 
EcUroHTC mes: equipment requires calibration. Thez=rorz, 
Pacos chac affectS calibratior ductivity ardura 
mold came will have a direct effect on both elactronic tsst 


equipment and electronic system ava; 
USS JOHN F. KENNEDY was fortunate to be assigned a 


number of highly skilled and highly motivated calibration 


re 
| 
fu 
b 
H- 
H- 
pa 
ct 

Md 


Esoehniclans. Bucy esanicpl temetetatowadvantage, -Cal-brarson 
Same. Cite created a "bottleneck" ia ene clsectponsc/ 
avionics component epair cycle. ther CVs were not as 


orwurats and E ed far greater difficulties. 
Improved local management emphasis and planning is 


za. zea to Optimize the utilization sf available caiibra- 


tion resources. On USS SJOHN F. SNNEDY several competent 
avionics technicians were reassigned from cther areas to the 
onboard Fleet Cobra oN  Aesesv-*ty (FCA); on-the-job 
training (OJT) was arranged at locali Naval Air Rework 
Pacilizy (NARF) and shore based Aizcraf= Intermediate 
Maintenance Departments (AIMD) ; eandudsteiied. cal torat on 


hs 
m 


plain ind introduced. a Measures were not 


was hes 
END Sven in the current  favorabls (in cascms cr tecni- 
Cian numbers and skill levels) peacetime environment, the CV 
EAS Maze hard pressed to provide the calibraticn/repane 
Aa d  thrcughpgut rsquired TI optimize weapons system 


Ppor. 
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pls 


The passing of the "post war baby boom" qererstlor aa 


resultant decrease in the number of young men from which ti 


J 
D 


Ney can recruíit (figures 1.1) and increasing lucrative 
EU SEc-or Opportunities for skilled =lectronícs techni- 
emna e oroni SeS to aggrava:e this problem ata time that <he 
Navy is expanding tc a six hundred ship fleet based upon 
HM cen Carrier battle grcups. 


The Navy generally recognizes th2 curzent calibration 


Syeorecem=@nqs and trends. AS the result several eftective 
programs have been initiated. Hcwsver, one aspect that has 


been largely overlooked is the influence that tast squiraent 
cOn ques cion has upen the calibration facility's oreduc- 
tivity. Ero rs upon this aspect that this thesis will 
concentra-ce. 

The objectives of this thesis are: 


IES. peovid= a basic understanding ci the Navy GPET 


by 


program and the IEEE-488 interface bus. 
2. Te analyzəa the costs, benefits, advantages, and 
disadvantages cf the IEEE-488 conticuration of GHrETE. 
3. Te make recommendations for the enhancement of fleet 
calitration prcductivity. 
Toward this end, Chapter 2 wili pressen“ various vast and 
Beecem. Calibration productivity and workload reduction 
a E ves. Chapter 3 will provide a brief introduction to 
the Navy General Purposes Electronic Test Equipment (GFETE) 
program while Chapter 4 gives an overview of “ihe TEEE-488 
interface bus. Chapter 5 presents the centerpiece of this 
Eee, a echhr-bensfir analysis of GPETE IEEE-&88 configura- 


ESOn. Chapters 8 will provide related issues, 
ec u 


fr OV 
w 
ty 
(0 
"O 
4 


ommendations an e respectively. 
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Figure 1.1 Military Population Resources. 


This figure demonstrates the decrsasin manpower resources 


g 
from which the Navy will be recruiting over the next two 
z 


eee sae =on a high of 10.8 million in 1976, the number of 
males 17-21 years of ade in the population of the United 
Ber has ceclined to approximately 10.0 million ir 1983 
Xd Oo eec ed to reach a low oí 8.0 million ih 1996. 
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II. CURRENT CALIBRATION 


alibration prodtctivity enhancsment and workload Teduc- 
as been the objective of several Navy initiatives over 
St decade. These programs can be divided into two 
l arsas- calibration automation and management 


ent. The £cllowing is a brief summary cf some of 


A. CALIBRATION AUTOMATION 


As automatic test equipment (ATE) has inoroved tschni- 


cian test, check and TSBalIwEDzoduer y tv, automated 
corea sion Systems (ACSs) have the potential of improving 


Got woeatacn productivity. 


The Navy is currently approaching calibration automation 


through four different programs: Modularly Equipped and 
Configured Calibratcrs and Anaiyze-s (MECCA), Automated 
Calibraticn and Diagnostics (AC/D) -formerly Automated 


Ara ica LabpOratOLry/ Satelite Calibration ard Diagnostics 
(Neiyscen), MNöbils Nútomated Calibration Laborazory (NACL), 


ara met=3ic Tclarance Verificazicn. 


Maecenas | portable, automar=d calibrarzlcn systemu 
developed by <he Metroloay Engineering Center (MEC). The 
ELIDNEGCOESsUS-S" of a nmiczo-processor driven centreller 
(currently the FLUKE 1720A/AP) 


2m bus to 
cne cf several programmable calibr 
q 


x u 
W 
Qu 
Oo 
^ 
F^ 
= 
> 
ti 
rh 
RN) 
Q 
(D 


a 
qensSreator, oscillosccpe and frequancy/counter calibrators 
ve 


ace cur-ently available or under developmen). MECCA is 
able to function in cne of two modes of operation depen 


See eee ere ner -umeneis (TI) LEEE=486 conriguration. 


d 





In the "oper loop" mode (for non-IEEE-U3I3 +-est 
pusrments) ths .centroller and calibrator ass e 
via the IEEE-488 bus permitting the controller to au 
cally set the calibzetoz's function, range end ac 
However, because the test instrument is not bus come i 
o erfde with the controller consists of stana 
leads. Therefore, the operator must physically interface 
Beeches test instrument and controller (using Me ccon*rol 
ERE cde "cperator's aza") 5 adjus- tà» cali»eator's 
muU teCUmtl1l-he test inastrument's measurenen: irdication 
DENM GU cr dial display) coincides with <hks contioller's 
programmed cutpu-. Once this is accomplished, the centrcller 
is able te compare the calibratcr's programmed and adjusted 
outputs tc determine if the test instrument is within che 
prescribed tolerance. 

e te tosea loop mods (fos TIEEB-438 contiqureda 
test instruments operator ENS oD cace 23 Ss 0On2ificanely 
reduced. Because the test instrumant is now interfaced with 
<he ccntrcller and the calibrator via the IEEE-488 bus, the 
GomececllbeL Can make direct comparisons of the calibrator's 
cutpu+ and the test instrument's measurement indication. 


* 


procos operator edjustment of “he calibrator output is 


eliminated. 
¡names pessible for a "closed loop" calibration 
to automatically proceed from one parametric test t 


O 
another, Navy closed loop procedures are currently written 
HOM lay the results of each paramatzric tess on the c 
SOLIS PL ERI, Each Ben in the calibzarion procedure m 


Sherefore, te manually initiated by the operator. 
ALL 


Bee a Naval Aviation Logistics Center (NA) 


Lnd 


program designed to encourage and coordinate the davelopment 
Of aiwpenatecd calibration systems (ACSs) in Navv 
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pe Irmweasäbratlonh laboza'torliss. The program ls nanaged 
S 


my NNNMLC-CoSs 3530 with contractor support services  ( 


NQ 


peovbpuSsgEby Science Applications Inc.'s (SAI) Calibrarion 
PEDOT Daweiszon, Ineticlly che progzanm only included three 
Same oracion facilities: Naval ir Test Center (NATC) 
Patuxent River, NARF Pensacola Type II, ari NARF Alameda 
mos II. 


ACE E tuUEnE River Ls assigned responsibility for 
theae Cdevelcpoment of ACSs. Lixe MECCA, Tas AC/D systems are 
Based Ca a2 TES zoproc=ssor based controller and ptogranmasic 
calit tratos. But unlikə MECCA, AC/D procedites are Wr22ten 


to Minimize cperator inter 


V 
poscarousco Initiate each step,  AC/D procedures are, wher- 
ever possible, DranoasWworstzeeengeche grssulos Gase 
Canes ted t9 a printer to facilitate review at the orerza- 
tor's ccnvenience. Thus, following set-up and program 
Tti he 


eon, a fully "programmable TI could —un  -hrough + 
h 


(D 


a 

Ban calepbzrazion ‘procedure without ti 

present. To date, NATC has developed several ACSs includina 

en AN/APM-4O3, radar altimeter rest set, ACS that reduces 

Sora Len reQuirements from Torsy high skill  manhcurs co 

8-12 moderate skill mannours [Bef. 2]. 
aske 


NARF Pensaccla is + gw ch Sehe development oer 


ses ems tC detect and diagnose faults in the tes- lnstru- 
ment's Te ceon tse sim , and conventional 


. 
^ 


Q 
tł- 
'3 


i 
cuMi-y and emt's Microprocessors. A 
= 


u n 
us diagncs-iíic system Peonsan inzertace Tpennetogq ess 
Meco neo ller “has 


EYpe if and III (but not P 


ty 


P 
NSC-ONMIOCSsSsOC diagncstic system is near c 
yY 


ompistíon and 
cuppent planning calls fof typem I/II deployment in 
September 1983. Cum. pans Call oror tiar DAE 
mento: diagnostics for instrument linverccnnectiag 
Dame ventional circuizry in the near futurs. [Ref. 3} 
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O 
Q 
p 
He | 
am 
(U 
17 


NARF Alameda is assigned as ths AC/D centr 
and, as such, tasked with the a Seon. Gos tr {oN Lon. 0% 
h 


— P mm cam 


the systems developed by - 


iD 


Sore fa Cig aes. 
KMemmenoAC7 DN Genterence in Dallas, Texas 29-31 March 
1983, the remaining NARF type II and type III D 


la 
eoe eeen ¿ntc the program. Th: addition of these a 


ctiv- 
ities and their resident expertise (many have independently 
developed ACSs) promises te further enhance ACS dsvelicrment 


amc acplicatiorn. 
Becouse al’ of "che jac/D laborasozies have -FLUKE 
INEA C€cntrcilsrs, Many of the ACSs developed u 


peogsaG@ will be directly applicabla zo MECCA. 


3. HACI 
The MACL program was initiated in 1981 by NALC under 
Senesac= tc SAL at NATC Patuxent River. The crogran'!s 
objective is the development of a mobile automated calibra- 


puccli-y that can be rapidly deployed ME IWwISd 


ct 
TL 


or used tc temporarily augment an existing facili y- 
Pers pous=4a n'a 9' X 23 '""Erailer tha: 1s conitg- 


Sci all necessary power, aiz conditioning, racks and 


benches. Mmetaastalled TACS (called Mobile <Autzomazed 
Caiibraticn System (MACS)) 25 bassaá on a John Fluke 74054A 
Pee--ecattGtator, modified by the addition of a Tektronix 
SEcocsccre calibratcr. Unlix="TE¿CCA, whose epplicaticrs 
software and ICPs are stored on floppy diskxeties, MACS 


DO a S Software in a compútez for difect access by 
ooo = 7S--peccntrcller. 

The MACL program includes nore than <=ne development 
Scop Meeerca =bration cavability sand logistic 
eC 2 sks such as che  developusn- cr a universal cali- 
beaticn  prccedure generator thas wilt have «ide ACS 
applicability.  [Ref. 4] 
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Bower bic tclerancep verification is 2 calibssacion 
concept being implemented in the latast generation of Navy 
DUB. MS O ads ya Mali. cal boar  ngmeATE ms bui laing 

e 


brocks (BBs) off-line, <ha station as a whole is cazr 


ct 


usina a primary reference standard and automated program 

The reference standard may be integrated inte the 
Station as either an imbeddad building blcck (BB) oz as a 
piudg int interfaca device (ID). The (ESEIES Icono aqua or 
nted in the AN/USM-U70 Au-:cmatic Tes- Station 
(ATS) and the AN/USM-484 Hybrid esca ton (ATS). The 
latter configuration is planned for the AN/USM-469 RADCOM 
and +he AN/USM-429 (V) 1 CATIIID. 


Parametric toleranca verification reduces FCA work- 


will hs irplen= 


load requirements by reducing the number cr station building 
Doc (BE) test instruments requiring off-line calibration. 
For example, of the 23 AN/USM-Uu70 €— blocks, only ope 


fenemeal bration nodules self) squ l cS i Line, calsbre 
pn. MECHAS) a Additional advantages of parametric 


polsrencs ye-;f2caticrmp include: 


1. Enhancement of ATE operational readiness by slimi- 


3 


nating BB removals at ado yaaa calioratior 


Teo vals. 


I r-cumgocf remcte/programmaspls features. 
EE ug of instruments ias heiz operational envizon- 
ment. 


(D 


4. Reduction of EF in transit time and damage. 
e cue=ren Of Connac tor weal by reducing 38 removal 


zequirenents. 
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Virtually every Navy civilian manned calibration 
facility, whether involved in AC/D or not, has Ww 

automatic calibration initiatives and many have seme opera- 
tional systems. tbe alenor Found suchsprogzans in fezes a 

Navy Calibration Labcratory (NCL) Tustin, NCL Whidby Island, 
the Naval Avionics Center (Indianapoiis), and several NARF 
citrato laboratories which until recently had act pasti- 
uUpated in ACYD. 


B. MANAGEMENT IMPROVEMENT 


“Intervals By Exception" is a management decision making 
approach to calibration interval dstermination and interpre- 
padecen developed by MEC in 1970. Th= approach difíers fro 
pest model number and serial numbar interval determinatio 
caera by isclating individual serial numbers whos 
Statistical reliability differs markedly ‘from their model's 
Beputearen nern. The individual deviant :nstzuments (termed 
"dogs" if significantly less reliable than ‘the norm and 
"gens" if significantly more reliable) are assigned indivi- 
dual calibration intervals (published in the "M 
Poe veorwan@ distributed monctaly by MEC). The remaining popu- 
lation reliability data is used to determine a model 
Gelebracton interval for semi-annual publication in the 
Diese cloey Requizements List" (METRL)» NAVAIR 17-35NTL-1. 

tco lation Of 2s oe axe = pe ons." increases the 
meme. "s calibration interval, thus reducing the total number 
Meer 1060. ¿baaa 
V 


emi required calibrations. A rest progra 
submission" model numbers demonstrated az a 


Peeecase ¿100 6.8 +c 8.2 months «as {he rss 


program. (Ref. 6] 
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2. MEC AO? Program 


== 


Gmeig76  ehe Merzrology Engineering Center changed its 
Salobre on interval criteria from .85 EOP (end cf pericd) 
to .85 AOP (average cver period). The results i3 ze 
increased calibration intervals wəre dramatic. From June 
1976 to July 1979 the average calibration interval of a 
Pepe Oe 505 GPETE items inereased from 8.8 zoc 13.6 months. 
The estimated annual savings resulting from this increase 
Wee 16,000 calibraticns and 45,003 manhours. (Ref. 7] By 
October 1982 the average interval cf these sans 305 items 


had increas:zd to 15.1 months (Ref. 8]. 


3. EME Work Cen 
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Prcgran 


The Precision Measuring Equipment (PME) Work Center 
Productivity  Enhancemen- Program was initiated by the 
Micra. Intermediate Maintenance Support Office (AIMSO) in 
1981. The purpose of this program is *o improve the produc- 
tivity cf NAVAIR type IV (FCA) calibration ae ca Vaales 
enrouaen the identification of depot level (type I, II, and 
Meal poration laboratories) calibrations that are withit 
meemecarapaiity of the forwarding FCA. A surv=y of ten FCAs 
igderntifisd approximately 25,000 calibration hours in this 
catagory. [{Ref. 9] 

AIMSO proposes generation of a yo 
EnucdeNSercort to identify these inappropriate depot level 
@Caliprat2ons. ine srreporce, „hich wo 
HEusaccans2zant PCÀ manager,  AIMD Of£ficaz 
ALE used <5 investigats thè causes 
eo ega e screening, training, Ca 
Sm Muss cor-ective áction coula be inztl.ated. 

Hemana ton of inappropriate depot level calinra- 
tions will reduce test equipment turnaround time and save an 


estimated $15 miliion in NARF Naval Industeial Funds (NIF) 
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Additional NIF savings could be rea 


annually. 
to NAYVSEA and NAVELEX cognzzamn: 


extensicn of such a progran 


4 


activities. (Ref. 10] 
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III. GENERAL PURPCSE ELECTRONIC TEST EQUIPMENT (GPET 


ls 


Navy electronic test equipment is An classifed as 


a 


either automatic test equipment (ATE), calibration  sten- 
Qa dS; CI electronic test equipment (ETE). hie consis SS Of 
systems of instruments interfaced with a computer (cont- 
ES Nork as auzit in performing Tes” functions. 
Calibraticn standards are those instruments which have beer 
h 
Sis 


m 


corc-cfs-d tc serve 


i D 


aceimaey concroc nn ere Callpa- 
mon er other instrument EIS rests to manually c 
stand alcne instruments. In cecon years, Fwi chath 
puc 9 of Microprccessor controlled instrumen 
eutomacsd calibration systems, these distinctions have 
become increasingly clouded. 

The Navy sub-divides ETE into three general catagcri¢cs: 


general purpose alectronic test equipment (GPETE), special 
nusuEe elsctronic  *est equipment  (SPSZTE), and other ETE 
(Gata@ory definitions arei provided in Append=x B). Of the 
thmee, GPETE contains the greatest number of individu 


nes. In fact, the calibration of GPETE acccunts Lor 
ME ot the slectronic calibration workload in a CV FCA 
(Ref. 9]. 


A. GPETE CLASSIFICATIONS 


GREIF is sub-divided into che following two classi fica- 


Standard GPETE is equipment which has been deter- 
val alec ron C SyS ons “Command to eso 
E 


equizemants. AS E whch 


D 





consists primarily cf off-the-shelf (OTS) commercial test 
equipment (CTE), is listed in MIL-STD-1364 (Navy) as 
pu Uuesredoforoprocurenen- and is approved for service uses. 


2.  Ncn-Standard GPETE 


A A E ma ES = ep a ERGO 


Non-standard  GPETE are those items of GPETE rot 
listed in MIL-STD-1364 as preferrad for procurenen:. This 
catagcry includes standard GPETE instruments whose conficgu- 
Beton (eteOns)  diffísr f-om the orime corfiguration listed 
NEU I-STD-d4965H8 Appendix I. 


B. GEETE MANAGEMENT 


Pricr te the issue of NAVMAT Instruction 5430.42 (super- 
ceded by the NAVMATINST 4790.25 series), on 15 April 1970, 
GPETE management was fragmented anong the hardware systems 
commands. This instruction assigned Navy-wide GPETE manage- 
Ben. Lespcustbility tc NAVELEX. NAVELEX responsibili+y was 
subsequently expanded to include overall Test, Measuring, 
ard Diagnestic Equipment (TMDE) management by NAVMAT Nctics 
5430 cf 29 June 1981. This Latest change was Ef 
Ep 9:uzsfc- of the Test and Monitoring Systems (TAMS) 
Office frcm NAVMAT (where it was code OUT) to NAVELEX (where 
mews ccae CST). 

MitEZO NAVELEX GEETE responibilitiss are assigned tc the 
To mD visicn (Code 815) where cth2y az - 


(D 
Cu 
(D 
ps 


branches. The Test Equipment Maintenance Engineering Branch 
(Codec 3152) Bees as tene test squi omen: /¡Logisz1ics £lenenz 


Manager (LEM) and is assigned GPETE responsibliliziss calated 


to  NAVZLEX cognizant prime weapons systems. The Test 
Equipment Engineering and Procurement Branch (Ccáàe 8151) is 


C 
responsitis for Navy-wide GPETE program management  (lsss 


OGL Stes) 
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1. NAVELEX 8131 Responsibilitiss 
The Test Equipment Engineering and Procurement 
Branch is staffed with acquisition engineers and a single 
program analyst. It Ps tasked with the following GPETE 
management responsibilities: 

Mi ClascitsCacion of ETE. Fle 2S) Classeri-a as GE. I=, 
Scheer m other GES by the Naval Materiai Ccmmand!’ 
Er ee ronic Te Zaurpmen.ıClass'riea.eor “Board A 
Navo C 351 reprəsezitativyə chairs his beard and 
sceo ye sella s=s1m61cat20n through <elephen= coordina- 
LOIRE Only occasionally is a formal meeting 
zequired. (Ref. 11] 

DENEN I-yoand Steciricat7onS. WNAVELEX 81571 carries cut 
its quality and specification GeSUC iS ce secs 
through the maintenance of the following three stan- 
dards: 

a) MEL-STD-1364, Yanti tary Standard feos Standard 
General Purpose Electronic Test Equipment." A 
Bea Smeomadceunen 27T L-SED-1387, provides proce- 
@ures for Procursmane approval of non-srandere 
GFETE. 

Diss mel 20000, "General Specification for Test 
Equipment fcr Use With Electrical and Electronic 
Equipaent" 

c) MIL-HDBK-265, “Standard General Purpose Electronic 
Meco uipin? SUpport Irans (GSI)" 

Nanni a SupECcrt Lor maintenance f these standards 

CE ed “by | she Test Equipment  Snvl-comental 

Conpa i DILE Divisiíior (Code 026) at the Naval 

Electronic Systems Engineering Activity (NESEA). 

3. GPETE Procurement Coordination. NMEWELEX 6151 25 tHE 





liaison between the GPETE users/buyers (*he hardware 


systems commands and he  GRETE bErccuring aqeney 


- 


== 





in 
"rd 


Gel. In “nits role NAVELEX 8151 is re 
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ih m 
rer O) 

ti 
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a) MWMazintenance ef ar” “auto nas ed darse Dess shat 
includes requirements identification, Ezseucrener® 


plans and budgeting inputs. 
DUNEPISeDaration of specifications ("salient chatacfger- 
istics") fer GPETE procurement. 


C) Recommendation of procurement methods. 


da) Review, clarification, coordina ion; zechnical 
approval, and consolidation of hardware systems 
command (SYSCOM) GPET requirements 2259S. 
[ Rei. 12] 


GEETE Planning and Budgeting. NANELEX 8151 rrerazes 


CEN Program Objectives Memorandums (POM) relativa to 

the GPETE program and the subsequent budget  foze- 

Gasts. 

Esendard:izaticn. NAWEDSX 3851 respons:b1]1.21 222808 

Son dera2zeaticn include: 

a) Develooment and implementation cf a GPETE stand- 
e 


Fara tion program vhich minimizes  przol- 
S 


and ensures total cos= 2ffectivensss without 
degrading mission performance. 

D) Assurance that standard GPETE models listsd in 
MIL-STD-1364 (Navy) ars up to G 


a 

mee eyel: costs by’ cömsilering over 
AA marntaznabiliry, 'Eepa 
Meoeolegni nd. 

eymeecre=Ol Of ron-standard 3$ D 
management cf MIL-STD-1387 procedu 

Dm ocena zation of procursaásnt to the maximum 


extent possible. (Ref. 13] 
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2. NAVELEX 8152 Iogistic Responsibżlizi 


i 
in 


In addition to the TMDE management responsibilizizs 


ws e = wW ae wv aw 


iD 


for shorze comnands (discussed below),  NAVELEX 8152 is <h 
logistics slement manager (LEM) for GPETE. NS suck, its 
mespOnst bilities Zncluds: 
1. Development of GPETE ILS. 
2. Development of operaticnal logistics support plans 
BNucHudbengerera:r, calibration, DESVESYSORID and 
-raiaing) for GPEZTE. 
BENE Ssignmen- of source,  main-:enance and recoverability 
(Se R) codes tc GPETE. 
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The hardware systems commands (SYSCOMs), as ths TMDE 
managers fcr weapon systems under <their cognizance, are 
assigned the following GPETE management furncticns: 

¡E OY 2 adn NAVELEX with GPETE requirements data, 
Bmelucingd, *h>2 minimum performance srec:fica-.ons, To 
Suppecrt weapon systems under their cognizance 

asc ation end submission cf GPETE initial outfit- 


sing (SINC) reguirements. 


ps. 


S eting and funding identifticaticn of cegnizant 
GINO requirements. 
4. Develcpment, nasatenance end distribution cr TMDE 
allowance and inventcry lists for applicabie user 
ese vet ae s. 
ion of a representative t 
NAVMAT ETE Classification Board. [Re 
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Management assignments folio 
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a. Naval Air Systems Ccmmarnd 


NAVAIR is the TMDE manager for aviation ground 
support equipment (GSE). Within NAVAIR, Code 552 (c 
assigned to Code 55223) is responsible for GPETE management, 
but mos: GFETE functions have been delegated +o che 

Air Engineering Center (NAEC) Code 92524 (Ref. 15]. 


b. Naval Sea Systems Ccmmand 


NASA Sas TYDE Manager or sh:ios eund tleer 
E 


activities ashore lass aviation GSE. GP ET management 


Within NAVSEA is assigned to the Weapons System Endqineering 
Division (Code 06C) where it is carried out by NAVSEA Ccde 
WS (SUEpcrt Equipment Logistics Manager). Some GPETE 
Management functions are performed in house, but all routine 
functions have been delegated to Naval Weapons Staticn, 


Farle. 


c. Naval Electronics Systems Command 


oO 


NAVELEX 8152 serves as tne TMDE manager for 
E 


a Y ei 


{N 


Rore activities less fleet activities asao 
E 


G 


E Many of the routine functions have been delegated to 


Pera Code 026, who is assisted by a contractor [Ref. 16]. 


C. GEETE FUNDING 


1. GBEIE Initial Ouifitting (GINO) 


GiiOecunding is previded by the appropriaks OP MAW 
Pre uNE--cpsor. NAVSEA and NAVELEX GPETE funding is appro- 
priated under Other Frocurement, Navy (OPN). NAVAIR GPETS 
Eden ecleapbrtoprieted unde-  Arzcrat- Procurement, Navy 
(APN). 
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TIAS O PRE unas ag arena, GPETE funding is "fenced" 
(cannct be spent on anything else) and is, +heref 
readily susceptible to reduction. APN GPETE func 
eher hand, is "unfenced" and, on occasion, has been reduced 


to facilitate other AEN réquirements. (Ref. 17] 


2. GPETE End Item Replacement (GEIR) 


Unlike GINO, GEIR is funded un 
Maintenance, Navy (O8MN) and comes d 
aug ectivity's "Aviation Fleet Mainter 

Equipage  (S8E) funds. ^henev 
beycrd the repair capability of the cus 
to be turned intc the supply system and 
at the current Navy Stock Fund (NSF) G 
approximately ü4Z of the NSF GINO pri 
[Ref. 18]. 

Fleet activities have displayed some reluctance to 


use the NSF system. Conp laames SEuneclude magn NSF prices, 


long replacement lead times, and the marginal quality of “hs 
replacement units (with no warranty). As a result, many 
activities have arranged repair az the  menuczactursr's 
Emu es facrili-y and, for a smalier charge, been ensured 
quality workmanship, reliability updates, a 90 repair 


Ev a full Navy acceptable calibration, and relatively 
Rapa curnarcund.  [Ref. 19] 

These fleet complaints are not? unfou 
(7.2. COG) System availability was only 36.4% 
year 1982 and 41.4% during puo 
[Ref. 20]. Additionally, while 44% represents aān avera 
in the past the GEIR crice, while always lows> than the GINO 
pe Manten” “Wnceludes a 19.9% surcharge for FY-83), has 


occasionally exceeded -*he GSA Schedule price of a new 


pa 


nstrument (Ref. 21). 
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D. GINO REQUIREMENTS DETERMINATION 


GINO requirements consist cf both nsw requirements and 
Epest Shortages resulting fron past, unfilled Ww tial 
outfitting requirements. Program managers of new or updated 
weapons systems are responsible, as part of their ILS devel- 
uent, to identify GPETE requiraments for the suppcrt of 
the system. The specific CN ES are forwarded to the 
system command's GPETE Manager and funding requirements are 
passed tc the program sponsor. Because Of) tine consta nts 
on T Leciórs, not ali GINO procurements however, fclles 
Mais pusscribed crocedure. Somé items are precured through 
other Navy activities (such as Naval Weapons S7at al 


at 3 
Beach) with funding provided by the Ship Acquisition Manager 
(SHAPM). Ae ts ab= precurisd. tn:9ugha Contiactors 

buat ders. ([ Bet. 22] 

Generation of fleet GINO requirements is the cespensi- 
lity cr the tyre commanders/aircraz- CONDE 
custodians. While NAVMATINST 4790.25 states that 
rrocess should be accomplished through a review of the IMRL 
(Individual Material Readiness Pis Sehr oR atone. Ss 
Portable Electronic/Electrical Test Equipment Requirements 
List), cx STEAL (Shore Test Equipment Allowance List), “his 
procedure is actually implemented in a number of ways. For 
example, COMNAVAIRLANT and COMNAVAIRPAC require flest activ- 
ities Eos report dericiencies using a "GINO Gaz dca) 
COMSURFLANT require whe. SUDRLiSS2O0 oz can annual -GPSTE 
inventcry by message and COMSUBLANT identitiss deficiencies 
during the annual Weapons System Reviews. 

Poth hs program marager and type commander genzrared 
GINO Fequirements are consolidated by the appropriates SYSCOM 
wd eDi d to NAVELEX 8151. NAVELEX 98151, in won, 
reviews and consolidates these requiremen:s and submit 


paca =quirements to SPCC for procurement. 
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E. NON-STANDARD GPETE PROCUREMENT 


Wherever the items listed in MIL-STD-1364 ars rot 
capable ci meeting a required need nd that need can be mer 
Ba DOn- standar 


ren 
|^ 
rr 
1D 
$ 
- 
w 


tequest/ Justifica on or ncn- 
etanderd GPETE is submitted in accordance with MIL-STD- 1387, 


) 


Procedures tor Submission of Application for Approval of 
Non-Standard Gereral Purpose Electronic Tes: MEU mens 
(GPETE)." 

Des reguest 15 Supm2<ted through *€he cognizaz- SXSCOM to 
NESSA Code 0260 where revisw is accomplished by a contractor. 
The reviewer recommends approval or disapproval (a recommen- 
dation fer disapproval is always preceded by discussion with 
DpRSOOr2giracor). NESEA Code 026 zeviews the recommendation 
Pemerece  fcrwarding the request to the originator with 4 
ESUUESOSNAVESLEX 8151. [ Ref. 23] 

TÉ appreved and funded, the non-standard GPETE réquise- 
Ment is consolidated with other GPETE requirements for 
peccuremdneut by SPCC cr is purchased directly with authoriza- 
eon fron NAVELEX 8151. 
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A. BACKGROUND 


LE Define t 2 or 


The ANSI/IEEE-488-1978 is an American Naciona 
Bec dabd G2gital interface for programmable ins*t-zuaBerczatiocn. 
e 


The standard specifies electrícal, mechanical and 


Ghudrects-istics for the purpose o£: 
T ering a general purpose system e A E 
distance applications (twenty meters or less), 
2. enabling the intérconnéction of indépendentiy manu- 
factured instruments into a single functional systen, 
3. permitting instruments of a wide range of capability 
tc be simultansously interconnected into 2 system, 


* 


4. permitting direct communication between insctrumer-s, 

5. defining à system with minimum restrictions cn the 
perfcrmance characteristics of the instruments 
connected within the system, 

6. defining a system that Sets JS measles COM 
caticns over a wide range of data rates, 

7. permitting the design of lew cost systems compcsed of 
New Cost sirstrugenes, and 


8. defining a system that is easy to use. [Ref. 24] 
S da e 


MS the  standazd provides à scandard interface for 
nee mens: intercommunicazior, casreby pern2ttébg | i35:-u- 
ments +c ke sasily inc:sgrated into an auccma-ed system. 


2.  Hiszory 
Because st _+he Zncreasing complexity of electronic 
Eum and ¢ scarcity of electsonics engineers and tech- 


m caas during the past two decades, SherBel ern cc 
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ay cunda “an (snc rsa Sing aced Mo autocratie routins 
measurement tasks. 

Early implementation of automated systen 
complicated and expensive. The Mack "ot 
dard resulted in each system being custom 
designs were so individually tailored to a 
tion, that even the addition of one instrument to a system 
could require major reengineering. As the resu 
early systems were very axpensive and automation was 
Nested co very high volume testing or to applications if 
which the svstém cost was low compared to the value of the 


test results. 


During the late 1960s and early 1970s, the necessity 
of a industry standard interface became increasingly appa- 
rent and Several electronic equipment manufacturers 
initiated research and development 2fforts in this arsa. OF 
these, Hewlett-Packard was the clear leader. Tnternational 
interest in the establishment of a suitable interface stan- 
dard was also develcping at this tine, particularly among 


German ¢lectcnics organizations. 

In mid-1972 Hewlett-Packard began participating with 
varicus national and international standards bodies in the 
develcpment of an interface standard. The United States 
Advisery Cemmittee, composed of both users and manufac- 
turers, adapted Pie. hea race concept develicped DY 
Hewiz=t+-Packard (called the Hewlats-Packard Interface Bus or 
fe fey ae) a Starting point. The subsequent draft or an 


HP-IB based proposed standard was avaluated by the Committee 


aná submitted | Ee Interaational Bleeroteer see 
comme ce (LES). 2 the fail of 19/2 as the United Stage's 
Beo20ceal for an international interface standard. 
in September 1974 the IEC approved the United 
or forma El 
lisk 


Sua proposal with mínor modifications £ 
E 
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The proposai was subsequently aporoved and pub 
sip: 6025 tn 1977. 
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In che meanwnile, the IEEE Technical Comnirt*se orn 


Automated Instrumentation approved a draft document of a 
HUE based interface standard in the fall of 1974. The IEE 
Standards Bcard appreved the draft in December 1974 and 


Bub tshed it as IRBE Standard 488-1975 in April 1975. Er 
October 1975 the same standard was approved by the American 
National Standards Institute (ANSI) and published as ANSI 
Seamacrd "C1.1-1975. [Ref. 25] 

The IEC and ANSI/IZEE standards ars nearly idzntical 
ne -o:ally compatibile with ons exception-the connector. 
The IZEE standard (ncw generally referred to as the General 
Purpose Interface Bus, GPIB) employs a 24 self-wiping 
Geneact ccnnector. TR= TES! starlard specifies a 25 pin 
Esnnec*tor (using one additional ground) identical tc the 
Hn52-c00cornector (therefore, presenting the vossibility of 
equipment damage  thrcugh the intsrconneczion of these two 
incompazibl= buses). These sintezesnnserzen cf  instsouments 
Daplewent2ing the  twc difrzerent connectors is easily accom- 
plished usina a IEC/IEEE adapter. [Ref. 24] 

Since 1975 both tie IBC and ANSI/IEEE standards liave 
undergore a number of minor changss. The current staniard 
is designated IEEE Standard 488-1978 and IEC Standard 625-1. 


B. GPIB SPECIFICATICNS AND LIMITATIONS 


y a 

functions ars opticnal. T 

tion is inplementsd in an instrument 

functional subset designations (refer to AD 
S 


Ene lisz of functions and sub 
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prep exscene tne abel mdav only  msar that the instrumert hes 
Sos amara connector." (Ref. 26] 


GEIB equipment selection is made even nore iiz£iculc 


because of the general lack of information supplied by zaru- 


Baeeumer's catadogs and, in many cases, even by the 
applicable maintenance manuals. Th2 1983 versions of the 


Hewlett-Fackard, Tektronix and John Fluke catalogs generally 
do net specify the ITEEE-488 functional subsets irrlesmented 
Ema paszzceular instrument. t most, the manufacturer's 
EXESCOS Mey specify that en instrument is "talk only," 
Ae aen eny," or "fully orogsammabils."  pRef. 25,27,28] 

Even the term "fully programable" can be dđeceptiv2. 
Although all functicnal subsets may be implemented in the 
"Fully programmable" instrument, all +he subsets may act be 
N:uplementsd for all cf the front Hansi func*ior and range 
CONTIOLS. Thus, seme front panel controls may be remotsly 
operated (via the bus) while others require local (frent 
panel) operation. (Ref. 29] 

GPIB configured equipment selection is, therefore, 


HA 
ct 


not a straight forward process. requires both a know- 


enige Of -re functicnal subsets <= 


o 


quaepcd fosa Passi cules 


tt 


application and a determination of the functicnal subsets 


implemented by the instruments under consideration. 


Navy interface requirements are specified by 
MIL-T-28800, paztagraph 3.13.2. This specification states 
wat alu logic interfaces in electonac test equipment should 


be in accordance with IEEE-STD 488-1978 and goes on to 


specify the required functional subssts (refer tc Appendix 


B). The meted States Air Forc Modular Automated Test 
Equipment (MATE) functional subset requirements ars provided 
in Appendix E. Madtemronal discussion Of thi TORSC caves 


prece 2m Chapter 7. 
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A E ES Poe Midis and orvencsons 


Eccc funpeticn protocel and a set 3 
control the interface functions. However 
not specify the syntax OO l 

messages-the nessages that control the prodgranma! 


Si us mes cumen*. (Ref. 30] 


Therefczs, while the hardware is specii ed, she 
language of communication is not. Wie cas NICH lke aoe oS 


u 
rthe harówars link às well defined, but uniesss 
ar speak the Ss 
possible." [Ref. 27] 


ire spzce Of the lack of cod, syntax and convention 


A 
T 
(b 5 
{N 


Seamadard:zation, many compatibility problems have been 
avoided by the adherence of most alectronic equipment nanu- 


C the following two related standards: 


ct 


2 > 
Bao. STs 


l. American Standard Code For information Interchangs 
(ASC Tu, ASCII is used in acs GPIB instruments for 

bus data :ransm3sslon. 
DENMEEANNST 134 2. This standard format specifies three 
ByGes Of numbers (integers, reals, and reals with 
2xponents) and transmission of the nost significant 
AUS e. 
Adherence tc these standards is requised in the procurement 
ce Bey Dei2cTzäanic zest equipnsnt as specified in 
22200, HBazagrarı 3.13.2. 3% 
DER Se ek Lor wyYe3e. required in <ee 2>Tal,2d svecHicarlcn, 
EM INMcuMC amd airha-rumeric daza (input and output) 
shali be ame iean Standard Co q2 or Titos g O 
anae (ASCIY) and tha mos=e siaqnificane Gdlait shall 
Dewmeeensterrea ist. 
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While two major potential sources of incomoatibilicy 
meee been - sixmWated by “danufacturer adherence to related 


SBeaedards and by military specification,  éther sources of 
C S 


incompatibility have not yet been addressed. Some cf these 
are: 
I. «cci of starting a message. 


d 
d of terminating a message 
3% Cor 


su 


h 
Ze whe th 
Neurona) tonprevemer execution Of “ery Sere cE 
S 


message until the entire message is received. 
Some manufacturers have attempted =o develop standards for 
these other sources of incompatibilizy. TektRonix'< "códes 
and Formats" Stamcard  represer:s one widely accepted 


approach (Ref. 31]. 

The Air Force's Proposed Standard 2896564 Rev D of 
05 May 1982 delineates various syntax and coding require- 
Ben-.s (Continuous Integrated Intermediate A 
Oz MATE quelified systems. CIIL has been submitted as IBE 
peoeeSal 98] Zor iñclusion in the IEEE-STD 488 [ Ref. 32]. 

Pemdumgs addition o£ thorough codes, formats and 
cOnwentions specification to the IEEE-STD 488, the selector 


mee Gems zes. Ssquiphent mwst ensurs that precurement speciii- 
se 


BSPMNOLS require codes, syntax and conventions compatibality 
with the cther GPIB instrumentation. 
Co GFIB APPLICABILITY TO GPETE 

IS RS IAAF Ecce, which tazouak its MATE prcaram is 
attempting =c pake general purpose TMDZ (i.e. GPETE) compa- 
MoO C ATE actplications, zhe Navy's ATs efforts as- 
eeann a ed on develcoment cf a common ATE station cT all 
applications. Mio Lagos excepto, rei sheer the cui ene 
Marla ce ATE" (seven differen= ATE staticns) or hs 
Consolidated Systems Support (CSS) program {now enrtsring 
re re evelopment) rely on the use of GPETE as ATE 


z aAa b5biccks. 


- 


B 








Therefore, the major application of GPIB in GPETE would 
BemoOwraciiitate auctemated calibration and, specifically, to 
mpisuotate ther closed loop calibration of the  ià3s--zument 
using tha MECCA system. 

The current number of GPETE items availablə with GPIB is 
small. A comparison of the MIL-STD-1364F and the 1983 


versicns of the Hewlett-Packard, John Fluke, Tektronix and 


is 


Weinschel catalogs only identified one item with GPIB stan- 


dard and seven others in which the GPIB 


option was available 
Meter tc Appendix F). Although the umber cf items is 
currently small, it is increasing as bec s of market 
demand and the Simplicity of implamentation ze On 


S 
ID spesoduction of Standard GPIB integrated circ 


D. GPIB PROCUREMENT POLICIES 
1. U.S. Air Force Policy 


The United States Air Force purchases TMDE with 
IEEE-488 whenever it is available. This policy, which has 
been in effect since 1981, refiects verbal vice written 
dirscticn and was implemented E z0 aCi tate auto- 

edeni i bratic. The Air Force has even been successful 
in securing agreements with manufacturers to provide GPI3 in 
instruments when the cption is rot commercially available 
(eo eer Oonix 465M oscillescope). [Ref. 33] 


2. U.S. Army Policy 


The Writed States Army does not "have a writter 
policy Atos eno DEectremernt Of IEEE-488 wir ts TMDiK un 
spite cf scme pressure from the Army's Development ard 
Readiness Command (CARCOM) +0 devise such a policy, the 
individuals involved m ENDE procurement at the 
Communicaticns and Electonics Ccmmand  (CZCOM) haves avoiced 
zornulce or Of Such a policy. These individuais prefer the 
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current situaticn because i+ permits a case-by-case svalue- 
tion and avcids the requirsment to justify any policv devia- 
“sens. The Army currentiy has few automatic test sauloument 
ME) applications, put has introduc=d various automatic 
calibration systems. [Ref. 34] 


3. Navy Policy 
Currently thìs Navy does not have a spəciic GPETE 
Eu procurement policy. TOwsiliy uxdel:sesndg Zenezeurzene 
Ea tac, the rositicns of each ofi zhe principals involved 


will be presented. 
a. NAVELEX 8151 Position 


NAVELEX SUSI VS posi ti on is summarized as 
follows: 
IEEE Speeific GEIB procurement policy currentiy exists. 
However, the fermulation of such a policy is under 
Sind y. 
AE mate responsibility for ifatiation cf GPIB GPETE 


requirements rests with the users, 1.5. the hardware 


o 


systems commands. 

LEeurrsint)vy. requests for GPIB configuration oft GRETE 
shculd be generated eh ouda aO mal MIL=STD138% 
(requests for non-standard GPETE) channeis. However, 
generation of the specific policy shculd eliminate 

is requirament. 

t of MIL-STD-1387 reguests fcr GPIB configured 

ae MIL-S298215358 


C 
to” asceartaia iz GPIB should be made 


'O 


ti 


cei 

ERE will resul= in a review 
a 

z 
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Be  NAVEGLEX 8152 Position 


NAVELEX 8152, as “hs TMDE manager for 


m 
O 
t3 
10 


commands, holds the fcllowing position: 
12 Any GPETE GPIB policy should be g 
mot. 
2e All GPETE should be precured with the bus when a 
lable. fom Make Ghia s point NAVELEX 8152 directed + 
NESEA contractcr who consolidates shore establishn 


M 
^ 
D 
t4 
f» 
(€ 
(p 
a» 


by NAVELEX 


GEETE requirements to universal specify GPIB, wheres 
D 


ly 
&prropriate, cn all future GPETS requirement lists. 


(Ref. 36] 
COMEDNVATBL552u9es3*ion 


Alzmeugn. NAVAIR 9552 z=quizés GPIB for mest ATS 
applications, tetas Wome Specl tle policy Tegarding= cris 
Ber: gljea+rien Of GPETE. Following the author's 22 February 
teas visit, NANA 23 tes ksa NAEG 292520. to Cocltd ina 
Wath NAVSEA and NAVELEX in the formulation cfr such a e 
[Ref. 37] 


d. NAYSEA O06C1C Position 


The position of NAVSEA 06C1C regarding the GPETE 
GPIB procurement can be summarized as foliows: 
ie E 


tg 
t1 


vM 
= 
~e 


ers no definitive policy so that case-by-case 


decisions can be mads 

2. Generally not enthusiastic about GPIB procurement 
because of the unlikelihood of GPETE =ver teing used 
in an automated tast system However,  ths special 


Buzpezs application of GPETZ as ATE building blocks 


i 6 
(n 
13 
e 
NQ 
:3 
+ 

N 
(D 
fs 
è 


r m 
be utilized cy procurement 
G E options. (Ref. 38] 





V. GPETP GPI 
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ANALYSIS 


MOS Ele. contrrzbuting £ac-cors to the absence cé 


f» 


Heccngesve GPIB GPETEF procuremen= policy is the lack of an 
analysis which weighs relative costs, benefits, advantages 
and disadvantages of GPIB configured GPETE This chapter 
Pen Ene co rectify that situation er he devslcp- 


ment cf 


M 


simple cost-benefit analysis model for GPIB GPETE 


Ero ouce-icn. 

The model attempts to quantify ail GPIB costs and disad- 
vantages and has succeeded in all Dur two relatively 
Ensgosficant cases. On the coches hand, xhe only C9 
advantage quantified is the resultant calibration manhcur 
savings. Ail other advantages are presented as nor- 


quantifiables. 


Because of the greater degree of quantification achieved 
€ 


for costs and disadvantages comvared to banefits and advan- 
ted=s and, because of the critical positions taken in 
Memewver Cn Ch the various cost elements, tke model is a very 
ea Cal analysis, This analysis is not, however, consid- 


AUTO te 2a “Worst pcssible case” (a Tosticori) analysis, 


The mod=1 is based upon the iife cycle cost of a single 


mach GPETE, AOe upon the Snr? —cnsccumsnt populations 
És applacatior, therefore, reiies wpon an assessment cf the 
number of instruments expected “20 be procured. 

h a wW 


o A as usad wheres iż was a 


Le 
IU Re scarcity of such data lad to a4 hea 


E 
pa 
if 
O 
f 
Q 
E, 
Q 
E 
E 
de 


i 


V 
Sere, Opn tOn.< Because Of its complexity an 


upon ex r E a 

upon the expertst time, a Delphi technique was nor used. 

Ins-ead, various experts were surve=ey=d via telaphore conver- 
ts oz thess 


ezenone, duesticnnaires and visits. The resul 
S 


surveys and the modal's parameters were then di 
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general concensus achieved during a presentation at +h 


(QD 
O 
DN 
JJ 


Conference in Dallas, Texas on 305 da co Al SS "(Ecco o 
mopendix G for a list cf attendees). A "discussion ct the 
elements of the model follows. 


A. CALIBRATION MANHCUR SAVINGS 


Many Claims have been made about the magnitude of the 
d 


BEnhCcUE reductions that can be achieve 


Ea DIIIC. Based upon comparisons made during an riro- 
een CUD Of MECCA through a number 07 Navy ca Wbra<ileon 
BE ues, MEC'S prcmotional film "MECCA" claims that MIBCCA 
produces calibration manhouz reductions [ Ref. 39]. Jch? 


eke Corporation claims that their 7405A Autcmacic Meter 
Calibraticn System (like MECCA based upon a FLUKE 1720A 
Somecclicx and 5102 meter calibrator) reduces manhours ty "a 


actor of two to thres" [Ref. 50]. Yeu, “in Specs ofoEHMCS- 
claims, discussions with numerous Navy calibration téchni- 
Bamssiadicate that MECCA open loop meter calibration is 


Erten slcwe- shan manual calibration. 

Mir calspration techitaques often used in the flest 
movi d: ths source c£ this disparity. Expszienc-g "ach - 
omiso en Dy pass Sone calibration 35teps and "pigagy back" 


meters (calibrate? more than one mezer at a tinme), unauthor- 


ized methods not feasible with MECCA. MEC's primary reason 
for develcping MECCA was not manhcur savings, bub rather 
"proved procedural ccmpliance. Based upon fleet ccmmnents 


MECCA is achieving «his objective 


Hmc appatent failure of. MESCCA toO reduce meter cali- 


Era won nankaurs doss not  refuts. its potenti Fleet 
Comparison acc Of “apples (and pazangss'"-Ccompieote Nes sus 
ae rrocedures. Furthermore, these comparisons are 
based orly upon open loop meter callbraticns. 
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Amucvoyctorperts, Iimired quantifisd data and ch 
AC/D Conference discussion resulted in agrsemer+ on a 30% 
oi sducticn faciór fort MECCA closed loop cempazed to 
MECCA open loop calibration (Appendix H provides a mors 
detailed derivation). 

This reducticn is substantial, but not nearly what could 
ke achieved if MECCA closed loop procedures wers written + 


ema mage Operator intervention by only stopping “¿he program 


n display test results for falluras. MEC agzeed Nica ais 
assessment and plans to investigate changing the procedures 
accordingly (Ref. 41]. me Mnpace=? oi cuc "echange Ws 
discussed at che AC/D Conference and a 50% reducticn factor 
agreed zc if the instrument calibration procedures (1CPs) 


are changed. 

Even further reductions are possible ina high vclums 
Sere braticn facility. In theayteen i FOnMeh aawi cn. SUL Ewen 
iuncHusbput and multiple MECCA stations, a singls cperator 
Meeng MlLinmum intervention ICPs could simultaneously carry 
out two or more calitrations. 


B. INCREMENTAL COST ELEMENTS 


1. Erocuremsnt Cost 


ler 





Mae procurement cost 15 the incremen 
Meeluscscn cf the IEEE-488 option in an item 
Although manufacturer's catalogs clearly specify 
Mea lea cost. represents a slagis unit rst 


à 
Navy purchases GPETE compa-izively and in quan- 


ct 
yi 
(D 


Since 


+ 


costs are far below retail. 


in 


- 
- 


Sy, 


H| 


een eo li e cycle cose model, the procurtemnsr cose 
ís an output. meamea l e l eons.der all o ner auant in 
able costs and benefits and produce a figure that re 

A Aaa price “hat the Navy could pay for tas 


G 
option and still "break even" cover the instrument's lice 
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Cle; Comparison cf Gthas rosy 


pa 
ct 
fv 
LA 
ct 
Oo 


Ep sospated incremental cost of 


E 
assist in the decisicn naking process. 


2. Ibcrsmental Llís Cycle Soirwarz Costs 

MECCA software consists Og TWO do eccnt 
elenents-the applications software (or "handler") and «he 
Pisoenweent calibration procedure (1C2). The applications 
software is applicable -o an entiza class of test equipment. 
Men ly SMeSsCcA application software is available or is 
under development for meter, Mhanced meter, oscillos@ene:, 
Signal generator and counter/frequency calibration. Because 
appiicaticn software is not unigue for a given instrument 
and wculd be developed regardless of any GPIB procurement 


decis ae”, all selated development, dis<=ribucion and saintze- 
mance costs are "sunk" and non-incréemental. Thus, 
ERDUSCaQO2o0n software costs are not considered in uns 
malysis. 

ICP software costs, on the other hand, may be sicher 
incremental or  non-incremental. If ‘tne GPIB procurement 
Bcosyopn -esults in the development of an additional IC, 
the ICE software costs are incremental. Otherwise, ICP 
software co 
ered. Momani im deciaina if che [CP sofzware costs should 
be considered in the cost-benefit nod2l, a decision tres is 
provided in Appendix I. 

DEmc ss a4 remose posssbalcey tuet an applicabl= TICE 
m 


Ex ERS tor che GPIB configured instru 


sv 
uo == 
tł 
TU 
T 
A Du 
ng 


pci IeBWexisestfor the nen -GPT3ni ns Iunen NAS USA 
a case the incremental software costs become a credit ror 


ct 


he procursment decision. 
foes ) recognized that che decision =maber pall 
probably not have melady access TO th? sme a 


mete wsich a dtammınarılon. However, MEC, as the 
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center fcr all ICPs, should be abla to provide the necessary 
Mrorla-r:icr. 


a. Software Development Costs 


Ines Cetecent ly paying —centrecaorsa 52,300 to 
develcp a MECCA ICP (cost includes a paper conventional 
DSL ICP) regardless of its sinplicity ot complexity 
(Ref. 42]. Each ICE may be applicable zo as many as ten 
instruments, but because this analysis only considszs cases 
An 'Wnickh development cf a new ICP is zequired, all dev 
NE costs w11l be apportioned to the first instrument. 
SoOfc-ware development costs will be "sunk" for future instru- 
men -s that ars able to use the ICP. Therefore, the software 
development cost per unit is calculated by dividing $2500 by 
pesexpect*sd number cf instruments to pe procured. 


peacoat Ware pisecaburtion Costs 


Au 


mC estimates Tenat ir cCOsts 55,0, -Broduce a 


Lr 
(D 


distribute a single ICP diskette (includes 32.80 for r 


rey} 
T 


blank diske-ts) [Ref. 43]. Although as many as ten ICPs c 
emo acd On a given diskette, MEC is currently liniting 
this number to five (all meter ICP diskettes have five ICFs 
(Ref. 44]. The ine cal s sde quenrity) ot ene distros is 
Ome tez site, but this analysis will assume tha: each site 


Will requisition a second set of diskettes as a reserve. It 


7S ‘further assumed that each diskett> will pe replaced 
semi-annually as the result of ICP caaxnges, damage and/or 
POS Se 


Dosto DUS ON of 1EP SO Ware, sor neuly develepec 
9s will], therefore, cost 34.09 GCS5/d=Sk X - 2. duexs7 


NI --wurtion x 2 distributions/yeer)/ (5 ICPs/disk)) per 
instrument model per sits per year. Appor onien: Orie 


u 
IC? distribution cos*s to the individual instruments is 
1 


ps 
af 
(D 
Ui 


n 
doy ult iplying 54 by the number of ECCA <i 
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and dividing the result by +he number of instruments <9 5e 


PEOCUIESO. 


C. Software Maintenance C5sts 


£3 
rrj 
Qs 
M 
vi 
(D 
un 


AS NS E SUSTO E. EP errors, procedure 
g 


and hardware changes, continued ICP software engineering is 
required after initial development. Tigscos- Nemore 1s 
very difficult to anticipate because soma ICPs may never 
require change, while others are changed numerous tines. A 
Mescussion of this subj=ct at che 29-31 March 1983 AC/D 
Conference ¿lead to a general concensus that the life cycle 
Er ccr ICE maintenance would at lease ¢qual tha inizial 


development cost ($2,500). TOmedlOCa te -< thas COs. ovri IE 
lite cycle of the instrument, this analysis will assume that 


MSGs will be $300 per year for‘each of the first 9 


years cf the instrument's life expectancy. MDPEzF lonirg 
mous cost £0 an individual instrument will again squire 


division ty the expected instrument population. 


Beeeircremental Life Cycle Repair Costs 


Inclusion of the IBEE-488 bus in an item of GPETE 


uces a degree cf complexity ‘+c che instrument and 


j 
=] 
ct 
ti 

M o 

thy Qs 


I 
@se, likely te increase the instrument's lite cycle 
COS US. Caveat monn bom dito Cycle 2202 
Sernewgeterma mation of two factors; the fanplurs rate 
a 


a 
lability) and the average cost of a Tep 
a 


a. GPIB Failure Rate 


The Navy has experienced a GPIB rejection race 
EE - uu macely 30% during “he  accepsaucs cssS-ing of cali- 
bration standards [Ref. 45]. These rejections seldom 
represented GPIB malfunctions. Rather chev almost univer- 


n 
sally represented nen-standard GPIB impismentaticn Dy the 


uu 





manufacturer. Navy calibratior stamdlards GPIB acesosanace 
pesus are conducted using the Interface Technolecy 156-488 


bus tester ard a Navy developed sof* 


iD 


(E FROM) Or odr am. 
In most Cases of acceptance test failure, the nanufacturer 


has willingly made the required modifications (usuaily only 
involving reprogramming of the instruments! GPIB EPROM soft- 
war). aeit ionally, she occurance of such problems has 
meen Significantly reduced since “he introđuctior of stan- 


Bear Tzer=488 A ntegratesd circuits. [Ref. 46] 


After passing isitial accep-encs inspections, 
Be TEEE-888 bus has proven to be extremely zaliabic. This 
analysis will use a 2% failure rate (a 2% chance of GPIB 
Gs at each calibration induction). Derivation Of 55S 
procure is provided in Appendix J. 
b. Repair Manhours and Material Costs 
POrSPRULrLCBES of his analysis “he average 


IEEE-488 repair acticn will require 3 manhours and 540 of 
materials. Because of the limizad GPIB repair exvertise 
curgently in the fleet, the NARF LOE hourly rate of $48 wili 
Bemulced iInssead cf the $28 FCA hourly Tate. Derivation of 
she repair labor and material requirements is provided in 


Appendix K. 


M c-oduczion Of an additional TEER-48S 2ns2=umenc 
Geto the inventory will result in imczreased logistics costs 
PeGeuce ct the need for addizional parts support, batts 
Eng and  holdzng cos-s. in She past IEEZ- 6885 cus 
-mplementation was accomplished in 2 uniguée manner by vinttu- 
ally evary manufacturer, often differing amorg instruments 
TOn gc same manufacturer. Today  MWelementatzon is 
becoming more standard, because cf the Tutrcoducexsioro ct Eu 
standard IEEE-488 integrated circuits (such as tne Texas 
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instrument's 9914A). Because of standardization, tne 
Eno cgistics ccsts of introducing anocher  ISZ2z-488 
See gu ted "2rstrument will not be significanz. I 


peelycis, incremental logistics costs will ba assumed -o 


equal forty percent cf the total lize cycle repair material 
COSTS. Refor © Appendix Uu for ths dstivaci om ce “Mes 
SE qure. 
9. Acceptance Pssting Costs 
fúso do mally, GPETE product testing: ha smeenee sted 
of bid sampie ‘testing and the subsequent acceptances of ths 
Manufacturer's tast results. In Spa ce of Wehe high Geis 


megectsen rate during Calibration stand 
<=2s.ing, the traditional GPETE test methodology will suffice 
for GPIB configured GPETS. 

As explained earlier, the high calibration standard 
GPIB rejection tate was the resul= of non-standard GPI 
implementation, not GPIB malfunctions. Therefore, t 
Ehgsccouve cft any GPIB GPETE testing program would be to 
eeur etha? “he instrument conforms with the Navy's ITC-488 
test parzameters before contract award. IanO ner words, i 
bid sample testing should includes chil GPIB zest. 

p 


Subsequent testing (and reporting} of sample items by che 
O 


fa 


manufacturer using the ITC-488 would be mad= part 


contract. 

The incremental cost of this additional est will be 
E@alteand, since specified in :hs IFB (and contract), would 
BN rte rs incremental GPIS orocutsmsn=z cost. For these 
Rome additional GPIB testing costs wilt aot be consid- 


ered as a separate element in this analysis. 
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Es OTHER COST-BENEFIT ANALYSIS PARAMETERS AND ASSUMPTIONS 
l. ZCA Cost Per Manhour 


imei S analysis an FCA heuriy rate or 52/6 we liebe 


used. Derivation is provided in Appendix N. 


2. Discount Rats 
ieee accerdance with DOD Directive 7041.3 and OMB 
Seecuderet-94, a ten percent (average factor) discount sate 
will bs used in this analysis. An explo. o 


ELIcuse3g end a table of discount factors is provided in 


Appendix C. 


SE ins: 


ls 
Id 
IE 
et 
It^ 
lis 
! h 
(D 
lt 
los 
to 
lo 
A 
d 
e 
IQ 
- 


o E last of Ams*trument life "peorsueBes Ms 
X 


provided in Appendi 


This analysis will assume chat the incremental 


salvags value 2 GPIB equippsd test instrument is 
negiigible. 
5. Number of MECCA Sites 
The number of MECCA sites is required +o calculate 
Sor wabe distribution costs. Because five ICPs reside or 
Sach diskette and as many as ten instruments may use +he 


Sane ICP, at wmaculd be nearly impossible “o calculawee the 
Ecc uubsr or MECCA sites to which a given d&skettéeamay be 
HUS-ropuced. Iz will, therefore, be assumed that every 
Giskette will be. distributed to sach MECCA site. The number 
Cz: MECCA Sites is equal the number cf FLUKE 1720A aná 


We Giese Custodians (93 as of 20 March 1983) (Ref. 47] ana, 


tne-eforse, can be obtained ¿rom The Weapons  Quali- 
Pan essting Center (Code 373), Naval Weapons Stati cry 


WERCCIG. 
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Ic cluSrent--CcOMSURPLANT plans < 
virtualiy every combatan+ in the Atla 
mented, the number cf sites will inc 
250. mals On or such a plan z3 the 

urther increase the number of MECCA site 
400. 


iaszrument!s calibration 3r va 


EN -ausred 9 facilitate the caiculazion of the number and 


Main ct cal2ibziaticas (including a ale brariot. pao ES 
initial use) during the instrument's life cycl Any one of 
the fcllcwing means for this determination may be used 

1. Nen-GBEB Parent Instrument in Inventory. In cases 


where a non-GPIB parent instrument already exists in 
mae Inventory, che calibration 
INE EFPCQOn 3 “Chee ches tists EC R 
(METRL)," NAVAIR 17-35MTL- 1. 

2.  Ncn-GPIB Parsnr: Instrument Not In The Inventory. In 
“he case that a non-GPIB parent instrument dees nor 
Se in the inventory “the. "Tollowing .cal:brae er 
cycles may be used: 


penant acturer's Calibsation Cycle. Manufacturer's 





cal oration ins vals tend to De stoeser tian Cie 
Seca-suomd 19g “ETRE calibration Eo cryval. A 
from 3ach MECCA 


H3 
(D 
| 
ci 
Ui 
rtm, 
rh 
i 5 
< 
D 


sample of twenty instri 
cdcdbis generic group yisTd-doa hanuteccurszus 
average interval of 7.3 mo 
MFTRL average of 12.9 months (see Appe 
“he sample elements). Therefore, use of the manu- 
$ ceur L's calibration 1iStezv y resul- inven 
aeae eaea high calibre ton Lloro “cyci> Cese 


Savings 
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9) METRL Generic Caiibration Cycle. Because he 
METRL generic calibration Mterval” “boeura in 
Seer Ion 2), 2S “aevier 


Sry conservative estinate, usse of 

tais figure will re sulisin) a, unse een Berge 

momberaot 12fe cycle calibta-iems andowill. o thers- 

porc LS29 NNo snc overlbsoptimssesc  calibraetess 

manhouz savings figure. Appendix Q provides a 

censeresen ct "generic calimmeation wu -e-vels wu 

Deth the METRL model number interval aná +he menu- 
tacsureLr!s recommended interval. 

ther more complex schemes ars also possible. Many new 

instruments are initially placed on che generic calibration 

interval and subsequently changed as sufficient MEASURES data 

is accumulated (increasing 90% of the tine) (Ref. 48]. A 

scheme using this approach would result in a gradually 


Inereaseing calibraticn cycle. 


isa ndard Calibiazion Manhours 





This analysis will assume that the manhours required 
posperrorm 4 MECCA open loop calibration is zquai “ec che 
standard manhour/calibration figures available from MEASURE. 
fats assumption is tantamourt to equating MECCA open lcop 
and ccnventicnal manual manhcur requirements. Based upon 
ASS put ca the relative speed sf MECCA open loop meter 


cata beacacn, this assumpiion may be conservea-tlvs. 


13 
pa 


Peme che Calibration interval, calibration starda 
manhours can be determined in several ways. 
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any of a number of MEASURE 
used in the sample model exec 
maken cloOmeFRAMS format R-i. 
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paucactussmts Stapdard. This rate can be derived b 
dividing the manufacturer's standard calibration fe 
Dyess “cUbeent nour ly rate (provided at «he end of 
Appendix N). Caution, however, is advised in +hs use 

E 


of this figure. Manufacturtez service 


aenerally better equipped and staffed than FCAs. 
Bnezrefoxe,„ s eney “genezaliy complete calibrarions iz 
Significantly less time than can be achieved in the 
fleet., A sample of 20 instrumen-s (five from əach 
MECCA applicarle generic group) showed no discernible 
relationship between the manufacturer's and MEASURE 
manhours. In six cases the MEASURE standard was 
Lcwer than the manufacturer's. in the other fourteen 


casas reverse was true. Overall, the MEASURE sta 
dards were slightly higher (3.5 hours compared to 3.1 
Eus) than the manufacturer standards. Refzr to 


Appendix R for the sample data. 


D.e COST-BENEFIT ANALYSIS MODEL EXECUTION 


Once all the input parameters, cost cismer-s end bene- 
Fits are chosen, calculated or determined, they are assigned 
to the appropriate year(s) in the instrument's lif 
Discounting of the yearly totals (see Appendix O 

E 


EXON on cor odisceunting) and totaling the resultant 


j 


present  discoun-ed vaiuss (PDV) yisids the "break even" 
procurement cost. An example of this process is provided in 


Appendix S. 


E. SENSITIVITY ANALYSIS 


Us- ig tke example provided in Appendix S, NP ven dake 
examines the model's sensitivity (degree of output responses) 
to variation ofa number of individual input: parameters. 


The model was found sensitive to the following parameters: 


50 





Procurement Quant it 


BI COST 


X 
Par Manhour 


Seamaard Celiabration Marhours 
Gale cre ton Interval 
GPIB Failure Rate 


The modél was relatively insensitive 


Calipration Manhour Savings Factor 


to the following paran- 


eters: 

1. All Sottware Cost Parameters (for large procurenen“ 
Quantities). 

Zo ee Des Oof MECCA Sites 

3. Manhcurs Per Repair Action 

4. Material Costs For Repair 

 Mógastics Cost Factor 
Fe | NON-QUANTIFIABLE ADVANTAGES AND DISADVANTAGES 

1. Disadavantagss 

a. Non-Availability Due to IBBE-488 Malfunction 
It is pcssible that an IEEE-U88 interface bus 

failure could result in decreased test equipment avail- 
db:llty. However ne prebeDilicy or such en eccurance is 
remote for the following reasons: 

1. The IEEz-488 bus is extrem=ly reliable as indicated 
Ey oeae dence of failure. 

e oD y or a Dus failure "hanging up" che 
¿neo instrument is very small. In virtually every 
er e ra ue o The bus vili noz affect local 
operaticn. See Appendix U. 

e e ee Dbus 2s Only used for calibrat*on, bus 
Saiiure would nor preclude conventional manual or 
“CONRO EAT Loco calibration. Thus, except in CRE 
ee Mo mha GPIB induced "hang up," ar urgently 
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Zee dearserument could bs calibrazed and re turned 
to the user and bus repaizs accomplished a+ a conve- 
a 


n 
mens future d 


Bee ineenee Cr Local Functional Checking 


Sinag a “EGR clcsed 180» calibrazion procedura, 
all ranges ard functions are set remotely (via the ircerfa 
bus) and all data is collected/transferread remotel 

nst 


Y 
teumen- may be fus 
d 


p cereftorc, possible that the i Geen nd 
Pas ee faeter:|y during remote cperations wails problems exist 
AOC (front panel) operation. An example of chis 
problem would be a front panel digital display malfunction 
that goes undetected because of the remote data 


Therefore, memes oe tess (O1eG°%rhac, a Localiy. maliun 


aastrumnsst could be returned to tas user cert: 


calibrated. 

Unless such a malfunction occurred after induc- 
Montes calibration, it would usually be ddetecced by the 
Peseta ne Leported te The calibration activity at #nduc- 
pron. In the remote possibility ‘that such a malfunction 
Seecibaea af-er induction, it is entirely possible thait 
could escape detecticn. 


Bampassinpe soNu-loP is robetic calsbratecns 
jas technique would involve “he use of a robot zc perform 
an autcmats=d calibraticn using the front panel cc 
Such a +<chnique nas been proposed by various individu 
the Naval Avionics Center, but as of yet an Tess 

D 


develooment funding nas been made availa: 
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2. Advantages 
en Calera tien Procedure Standar: zation 


INeF Er Mary Jusfiazicarior or the develcpmen- of 
zhe MECCA system was to ensure thet calibratiens were teing 


seco mprested in a consistent manner throughcuz: the £lest, 


Ho MEBESA,  Cal0ration relitd upon the technician's 
individual skili and methodolcgy. Alchcugn manuel calibia- 
t-2on rrocedurss provide a detailed, step-by-step method, 


Eomss:cchos$clars tend to disregard the orccsdureés as thav 
become mere experienced and develop a zZ 
B sr-,—untor-unately, citen  *aught to 
tschniciars. 

SEA, even in Lis opea loop mous, kh 
peBocsedura! compliance by forcing the tec 


AAN de procedure and ensuring the calibcato£ is prop- 
V > 


ely set for 2ach parametric cneck. However, the MECCA open 
Moonee nod Still relies upon the technician rt POE Sy 
make calibrator/TI adjustments. I2 the closed loco mode “he 


Peg poble: makes direct II readings and cCcmtarisons, thus 


Faueing the technician's eels and the chance ¿cr human 


mror. The closed loop nethod, theretore, ensures a higner 
degree cf canora tion procedural Standardization ¿nan 


WEO ded Ey MECCA oven loop calibration. 
Dep ebapeoved Caizbrat2on Accuracy 


Erroneous calibration pro 
inaccuracies into +he tes: equipment. Thes 
subsequently passed along to  *he SPZTS su 
systems. p Oving calib zzi) proc 
Pe Ne osed loop calibration improves system maintenance, 


accuracy anā reliability. 
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AE Zac OR O experienced Technician 


Because ne "controller =<nstuies proper calibrato? 
Oucputs and TI indication réadings and comparisons 2s weil 
as previdina the operator with a simple stepwise procedurs, 
mien level of experience and training required tc calibrate 
usina an ceen loop technique is lass than that required fer 
ez~her conventional calibration of MECCA open loop techni- 
ques. Thus, a lower skill level technician can be used for 
Galibraticn while the highly trained and experienced sz2chni- 
cians are utilized where they are most needed, Ses 
equipment repair. 

Mie Or aamery commercial Justification “Zer cemi- 
braticn automation is based upon this adv age and che 


pocucantoreduct:;on in calibration technician salarees. 
d. Teast Equipment Availability Improvement 


By speeding calibration procedures, closed lcop 
MECCA calibration will reduce the calibration turnaround 
time and the significant backlogs sxpsrienced by most Navy 
ar neazsıon facilities. A reduction in turnaround time wi 
also permit a reducticn in "pipeline" test equipment assets, 


thus reducing GPrTE inventory and procurement requirements. 
Foe tierce se —-COUrCnen = ApplLleations and Calibration 


While this analysis has been limited to these 


a 
(1 
(D 
t3 
Y 
th 


GEETE that would use GIB only fcr calibration 


purposes, rore and more test systems are being developed 


that rely upon the system components working asa unit 
Bere Eus interfaces communication. GpIszeons:gur GPETE 
can be used and calirrated as part of such a systen. 
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RM Tesnorongh Calrxbzataens 


Because cf the speed at which test point rsad- 
wgs and data transfer can be achieved via GPIS, it is 
practical tc test a larger number of parameters. aus, 
significantiy more thorough calibrations can be accomplished 
in as little or less time than is possible with non-GPIB 


instruments. 
al Lagnostics 


The interface bus can not only bə used +o ascsr- 


in instrument accuracy, but can also be used to diagness 


cf 
fi) 


Q 


Ercuscry malfunctions. Development of Siem diagucs.2¢e5 xs 
part cf the AC/D pregram and research and development work 
is underway at the NARF Pensacola's Type II calibration 
teapot a tem y. 

Imereduetzen’ dr “Such “a diagmestic systen would 
reduce troubleshooting manhours, reduce technical skill 
level requirements, and improve faulz isolation accuracy. 
Additionally, such a system could be configured Oni ee = ia are 
via the interface bus with the supoly data base to rapidly 
eec2ttain “She availability of the required  replacemen- 


Bact (s). 
Waite sie etent Faul= Isol3t-on 


Technicians are often confronted with diagnosing 


eae tineermitts=nt faul-. Because a fault cannot be corrected 
DIM s isolaged, in:ermitten- faults result in a great 
Beale 'on same and effort, noe NEU SLoSch" teci can 
Bails crac. Cn « 


ae Dey Of Closed Mloopmecalibratao: procs- 
ies 0 rán na centinuous loop (psogzammed only to stop 


wher a discrepancy is located) psrmits the “est instrument 


iD 


Pemeureconc:niously (cver night or ovez a weekend) until th 


hu cupftacces and is zecoräsd,. 


33 





eee SCA Ceaparilicv Enhancement 


The reduced skill level requirements and 
increased calibration speed and thoroughness possible with 
EXSoscd o icorp calibration cculd make the FCAS capable of 


perzorming calibrations that were previcusly only within che 
capability cf a NARF cr shipyard. The resulting migration 
Saucdl'2brat-On Capability will not only decrease *urnaround 


tins, but will also result in NARF and shivoyard NIF savings. 


r 


ate-Of-The-Art Procurement 


CJ. 
e 
un 


E salilent procurement chara 


> 


T 
Ezocurement Co a higher quality instrument throug 
1 O 


. plimination frem competition of marginel instruments 
and manufacturers that are unable to support GPIB. 
Cana cn of the price disadvantage of instruments 


1 
chat provide GPIB as standard. 
k. Miscellaneous Advantages 


Rien ity Or ths TEEBSN38 bus E9 can 
E ccv would psrmit tke instrument to ba ip T 
PRker compuserized data collection and manitoring syste 
Examples cf such systems are a MEASURE card pr 


computerized quality assurance (QA) monitoring systen. 


Ge CONCLUSIONS 


wE tea author has net attempted to quantity the two 
V 


GPIB disadvantages and num=rcus advantages, it is obvious 
peus laker tar outweigh he former. Assessment of zhe 
ee these factors is strictly subjective and will, 
tkersferse, be left tc the discretion of the cisicn maker. 
However,  becauss a GPIB instrument may have a longer ussful 
Pees ceommiag from its ability to saka advantage of future 





Se lcpmentse, the author would not consider a $1009 asssss- 


ment to te unreasonatle. 


The execution of the model (Appendix S) and sensicivicy 
(> 


analysis (Appendix 
£ollcwing general 
Usccsion is likely 
1. anticipate 
least 100), 


phe ICP is 1 


T) provides the decision maker with zh 
guidance: aepo Sio yone procs enmen: 
when: 


procurement quantities are large (at 


ong and complex, and/or 


Beer Cal. Draticn iaterval is short (cns ysar cr lss). 
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Doma this thesis has addressed current calibration 
workicad reduction and productivity enhancement initiatives 
and has added one additional considsration-:=ss“ equipment 
com ı quzation. This chapter addresses ocher  zslevan- 
issues. 


A. GEETE STANDARDIZATION 


NAVELEX's current approach A A e so 
Minimization" only addresses vart of the issues. ahile the 
current approach successfully mininiz2s small quantity and 
non-standard GPETE rrocurament, Pieri Se > address eve 
proliferation caused Ey formally advertised GPETE fecllcow-on 
procurement. 


The current DOD environment exerts a great deal cr pres- 


sure tc formally advertise procurements. Unfortunately, 
formal advertising is not always cost effective. NON] y 
considers cre cost element, he a prosBesment cost, and 


Bemores al! other lite cycle cost (total cost of ownership) 
considerations. In the GPETE arena this pressure has lead 


Somrec=Mallvy advertising for units -equired to supplemen= the 


puudson cf an instrument currently in the inventory. As 
SE Sum, Ehe fleet is often supo3r=22ngq Two or moze dizze- 


134 
(1) 


nz instruments procured to fill the same requirements and 


Deeecumapecme, identical salient characteristics. A. SCENE 
lee ezo y ed by the AN/USH-425 oscilloscope conzsee= 
awarded to Kikisui (Japan) in Déecenber 1982. 

TREN amy anda the Air Force issued a IFP for AN/USM-425 
Ecesivescerpss +c supplement the current inve?" ot 


Bekrzesazx 465m, Option 49 (AN/USM-4 25) geo d eSCODES. 
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MERPEONIX'"S brd of $1,550 per unit for the 465M was 3191 


higher than Kikisui's $1,359 bid, so Kikisui was award¢d <he 


contracti Ha spite Of NAVMAT direction to ensure "total 
Gece, ertectiven=ss"” in GPETE procurement [Ref. 12], 10 


cons=dezation pas given to the incremental logistics ccst 
(Spare parts provisicning, training, ICP development, etc.) 
Aa alla be associated with the incroducticn cf an oscil- 
locos ditferent f£zcm the on already in *he inventcry. If 
considered, these incremental logistics costs may have 
O ecet che $191 price difference 

Pesce eXamMple,  Wniortunately, is not an isolated case 


‘+ 


cs 


b 
(Dp 


"'O 


ofi the increased emphasis on lcgistics zd S 


eyele costs, tonmawsycadvertiscd procureme2i- .contirzuss = 


O 


take precedence 


B. GPETE INTEGRATED LOGISTICS SUPPORT 


While formal advertising continues to overshadow logis- 
tics censiderations, the current state of GPETE ILS does nox 
lend itself to involvement in the acg- >it on pEOCessS. 

Maat Bex 8152 GPETE ILS functions are performed by 


a single individual assisted by five contractor personnel. 


To date GrFETE ILS 2fforts have concentrated TO => 
Seauasızion "development of operational logistics suppor: 
E. Little effort has been given <o pre-acquisition 


consideraticns such as The devslopnenz of life cycle cost 
and cost-benefit analyses. 

While afuli scale logistics support analysis (LSA) 
SUI —-stD-1388) could not be jus:2fiea fer crt-the- 
elf (OTS) commercial est =auipment (CTE) procurement, 
me pPre-acquisition ISSN -STfrOS—WwoOu-d be beneficial. 
MSc ns tot the relative celibrar2on “rtervals, maintain- 
apiel2ty factors, ease of Operation, training requirements, 


and provisioning would be valua Dep iW differentiating 
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between instruments under consideration. While idtsm-.ons 


have been expressed to move in this direction, the presence 
of the necessary commitment and expertise within NAVELEX 815 


is dekatablée 


C. TRAINING 


Formal calibraticn technical training is available fron 
two sources. A sixteen week courses *augh= at Lewry Ait 


Force Base (Denver) qualifies graduates as Electronics 


Gendards Specialists (MECANO OS) A Six week NALC 
Detachment course (taught in Norfolk and San Diego) «trains 
beeta Calibration Teachniczjans (NEC 5673). Botn courses are 
general and theoretical. oe aads or erail ng ís 


E2=ovided. 

Flest uúunizs, therefore, must rely alnost totally on OJT 
oaet Cal calibration training. Lowe Can CER mn. be 
arranged ata local NARF, shore based AIMD, or Naval 
dyad, the availability of additional sources of training 
would bs most beneficial. 


Bevevoumer: oL the collowing additional training 


un 
O 
E 
t3 
Q 
iD 
i 


is reccmmended: 


I Cr Se Tacto Schools 





Fleet units have fcund the use of factory scrools 
impractical because c£ -he tuition expense ($1000-2000), the 
TAD expensas (most manufacturer's facilities are act conve- 
pent -c government quarters), and thssr infrequent 
availability (1 or 2 classes per year). 


However, some electronic equipment nanufact 
u 


ace eke Peni x, aoe A o cach thelist co 
We allat ons i sul icien. students are available 


(Bef. 50]. ie ype coman ders worked in concert, a suffi- 


cient number of qualified, interested students could easily 
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-3 
Ó 
i 
it 
r3 
Wey 
aa] 


Es assembled. This approach would  elimina-e 


pa 
in 
|l 
ct 
y? 
< 
iD 


funding requirements, reduce the fleet unit's admini 


ti 


f 
pa 
fu 
i3 
F2 fm 
HÀ = 
pa 
th 


= 


pa. 


workicad, and foster fleet participation, partic 


tuiticn was paid directly by the type commanders. 
2. Phase Package Training 


Another  apprcach is the establishment of chase 
package training ax the NALC Detachnents and/or the Naval 
Aviation Maintenance Training Detachments (NAMTD). Susa 


Mea niang wculä compliment the Lowry and NALC Didtachmenc 


Epoocscsccalo ez2alcndéapg by oroviding "hands on™” *rainine in 
specific calibration phase packages. À simia: pica tan 
tallered to the surface Navy's needs could also be 


established. 
3. Scund/Slide end Video Cassetia Trata: 


Many test equipment manuracturers make  availarle 
Sound/sizde and video cassette training on the operation, 
Sweeoraemen end repair of Specific instruments. Additional 
presertations are available fron other sources. rom 
example, NATC Patuxent River has a “en lesson University of 
Colorado video cassette course on IZEE-U488. 

Where such programs/presentations ars avallable, he 


"d 


should be made a logistics element and o 


E 


chased as part of 
Buc BR procurement rackage. FOr instruments already in the 
fleet the type commanders should seek cut and review appro- 
zriate ELCOLAMS/presentacions and make chen (and che 


necessary projectors and VCRs) available tə the fleet. 


4. Nanniactursr Periodicals 
Select cGtSOnic instrument  Aahnutacturers publish 
pericdicais (Hewlett-Packard! Scala Bench, pres") 
eanz-ain: sn apeicles on <est as caus Dratlon ard -ebailc 
zechniqguss. Type commanders show] investigates tne 
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Malal of “hese publications ard errange distribution 


to fleet units ("Bench Briefs" are free). 


D. ACS COORDINATION 


MOEM EC iS coordinating ACS ICP devslopment for the 
BEIM cugnoMECCA and NALC is coordinating ACS ICP devel- 
cpment through AC/D, these two programs aze rot coordinated 
Seren Che ancther. thes lack Ofl Coordinat ont aias leal toO 
BeGundant SctoEtS and disputes. The following illustrates: 

Ie aa MEC and  AC/D (NATC) have developed "multi- 
kardiers! (applications software applicable So 


multiple compcnent ACSs). 


2. MEC has developed a MECCA program geén2rator. The 
MALC program is tasked with developin a universal 


crcgram generator. 

3. In sevəral cases, NARF Quality Assurance Divisicns 
have refused to certify MECCA ICPs due to alleged 
procedural discrepancies. 

Fer the Navy to take full advantage of its various ACS 
development efforts, overall coordination is necessary. 
Meise unctio is and should be MEC'!s responsi 
However, since MEC is sponsored and fun 
hardware systems commands, Ito lacks zhe DOWEL $C exert 
authority over their independent ACS ini+iativss. 

Ta nan the mutual cooperation oí each of «she systems 
commands, Seal authority; BOGEAe SE COOSGi 2a ton shculd be 
ves+=d in MEC. Dorem Da Aaaa des aDlish an :nde- 
penden= division «asked with the following respo 

inmeecenadane tion Cr @l1 ACS developmen: efforts 

2. Develooment and maintenance of a universal prcg 
generator that will be used in che develo 
Navy ACS ICPS. 

Bene rrerrgation cf all Navy ACS ICPS. 
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Thrs division should be suíricientl independent 
permit the unbiased evaluation and coordination of both 
ard GROR MEC gəreratżed ACSs “and AGS ICPs. 
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VII. RECOMMENDATION 


Moecmerotiowirg is a brie Summary 02 -aiei eu i Ts 
rəccmmendaticns. 
A. IEEE-488 SUBSET REQUIREMENTS 

Ds cumrenr Navy Jshe-488 subset requirements (Appendix 
D) ars inadequate to facilitate automated calibration. à 
aue aest, based upon expsrt opinion, is presented in 

T 


se 
ix V (Appendix W compares th2 current Navy, USAF MATZ 


Append 
and «he reccmmended subs2ts). 

These  subse- requirements should be presented to the 
industry as Navy GPIB requirements. lenas anle Pateda eha: 
Mie —elEctrcnics indüst-y will respond favorabiy to such 


requirements bas=d uron the following: 

1. The positive reception USAF requirements (including 
eons. gl= a ci On cont rom LOS MATE qualifica on 
received from industry. 

De. relative ease of implimenzirg all  functz 

ubsets when GPIB E 
E 


H 
N 


implemented using @ s 


B-nsBsıntegrate] cireuir. 


B. IFEE-488 CODE, SYNTAX AND CONVENTION STANDARDS 


Th= Navy should convene a study gzoup to investigates the 
a p 


o ous cedes, syntax and convenwion standard’zaticn DISEO- 
sals now before the IEEE Standards Board. The results of 
their siforces should te used +o guids Navy GPIB procuremen 


thy As 


N 
andsssromrsc-lieaxse Navy Support 2f <h) mest  apprcprzatie 


proposal (oz, if necessary, tc genszate2s a new prcposal). 





Es 


A GPETE 


BUG Tyee DCL. Cy 
directive, Tt 
weighing the individual costs 


each preccurament. 


Additionally, any GPIB policy shoul 


all 


With the codss, 


required IEFE-4& 88 


pl ty woch other instruments 


D. GEETE 


should be 


the fcrmal 


Steps taken 


caused by 


2248 Preceureme ns = policy should 
need net be a universal "buy" 


should, howevsz, 


Fuüncerenal 
Syntax and conventions 


“an 


mad 


FOLLOW-ON FROCURE MENT 


tTO 


advertising of 


GPETE GEIB PROCUREMENT POLICY. 


Dowcctsplsemed, 

OD SC - Duy" 

provide a uniféozm means for 
and benefits associated with 


dsensure ızelus.en of 
subsets and contornanes 


comrati- 
the 


reduce GPETS pr 
E 


rollow-on 


Initial rocurement of GPETE requirements ( 
entirely new requirement of improved salient characteris- 
pcs should be procured competitively. BUSES MEETS. oF 
standardization suggest a different approach is required for 
CoL OW- Cn procurement. The following methods should be 
Cone. ce ped ; 
Mies ple Year Options. Ias cad MR SCT one pece— 
Sleep restpicting GPETE procur=ment contracts to ons 
Mee umi aa. singl= y ear ¡Oprtioóon, contriacts with two oT 
Meme option yeers should be sougk*. This mezhod would 
meciesesthe frequency of Letting contracts while 
Peteening the option to Change to another instrument 
Meee! as =the state-of-thàe-azs. üic-a-tes. 
Cole Ysa- Contracts. The U.S. Army s cubnrently 
WENO ive year conitacts Bose 24 DE  “DECCU> MENE 
ef. 51]. This approach not only zeduces fermaliy 


result in a lcwer 


year 
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R 
wea ised foliow-on pzocucenen-s, burt 
procurement 


Spz ion Approach 


1 
price o lative 
t 


because o 





Ones prasney for che manufacturer. HOWSVSI, ahls 
Bec eoaca could also lock in the procurement cf Ghats 
that subsequently becomes obsole OU Droves Ur en 
able. Theretcre, this approach should noš be u 


the following cases: 


SeGE rile wapp=Oaceing the end of its lite cycle. 
Dp) Greis et the beginning of its lifes cyéle that has 


Pet yer prcver its Taliabiliey, 


I S 

TON ell Ow- on procure ent. Such an appr 
able Ecr competitive negetiation, but 

dy ciculi to implement for a formally a 
9 


rocurement. 


IG 


ee cf Logistics Costs. A cost element that can be 
cone deze alcng with procuzsument. cos- in a formally 
BENE sed procurement Is tane l6gist2cs cost. An IFS 
ceuusreugurlre the bid to iaciuds quantificaticn of 
logistics elements such as publications, training, 
Preyssjon!ng and ICP dsvelobousn:. This -a5prosch 
would give the incumbent a leqizimate price advantage 
wnile zetaining most of che advantages of fcrmal 
advertising. 

Wes Of DAR Standard: zation 


a negotiated sole source follow urement of 
GPETE. USE lea Lora ne ONES 2S found cin ThE 
Defense Acquisition Rsgularzion (DAR) EXE O o 
stardardizaticn of 2ccunTec equipment de ployed 


DBysı de eho United Sta =ses Oz eboard ship [ Ref. 52]. 
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E. ACS COORDINATION 


It is recommended that a division of WEC ba established 
zo cocrdinate ACS development, develop and maintain a univ- 


ersal program generator, and certify ACS ICPs. 


F. CALIERATION/REPAIR TRAINING 


ToO prove. fleet calibration/rapair test equipment 
psssnang, che NE actions ares recommen 
factory training ar major Navy installaticn 


S 
asta DIE Sh NALC Detachment /NAMTD phase package 


ae os 
Ü 
E 
& 
a 
5 
-D 


training courses. 
3. Make test equipment rəpair/calibration sourd/siide 
and video cassette training courses available to the 


eat, 


w ë w w 


t 


4. Makea manufacturer test equi 


a1, 
in mation periodicals availabl 
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VITI. EPILOGUE 


A 


Asi 2 sis brought to the GPETE/GBIP question, she 


(n 


pl:result Of thes a-*tsnt-on that the ZzeseaTen for 
ELITS WwERng actions have besen initiated: 

TE 1s giving active ider ation So modi ica tic 
MCA closed Jeep procedures to limit operatcr inter- 
yenticn te parametric check £ailur 

Deer VELEX 8151 has initiated cc 
Grip tolicy [ Ref. 35a). 

TERN AIR 39223 has directed WAEC 92524 To coordinate 
with NAVSEA 06C1C and NAVELEX 8152 in formulating a 
C ETE GPIB policy Ref. 39). 

4. NAVELEX 8152 has directed that, where applicable, 
future shore command GPETE requirements inc 
[ Ref. 36]. 

ES NAVMAT THDE Act2og Gssup (chaired by MNAVELEX 
08T2) will make GPETE GPIB policy an agenda item for 
elemg=oup’s meeting in Norfolk, Virginia on 18-19 May 
less (Ref. 59. 


68 





AC/D 
ACS 
AGL SCD 


AFB 
AIMD 


AIMSO 


ANSI 
AOP 
AEN 
ASCII 


ATE 

BA 

BE 

CAE TTD 


CECOM 


Gen] 


CCANAVAIRLANT 


CCMNAVAIRPAC 


MGcetiae CeCalebrataOn and Diagnostics 
Autcmated Calibration Systen 
Auw=omatic Calibration Laboreatory/Sateliite 
Calibration Development 
Air Force Base 
Aircraft Intrernediace Maintenance 
Lepartmen 
Aircraft Intermediate Maintenance 
Support Office (Patuxent River, MD) 
American Nazional Standard Institute 
Average Over Period 
Aircraft Procurement, Navy 
American Standard Code For 
Information Interchange 
Autcmatic Test Equipment 
Budget Activity 
Building Brock 
Computerized Automatic Tester, 
Pig -al 
Communications and Electronics 
Ccmmand (U.S. Army) 
Con:inuous Tntegrartcd intermediate 
Language 
Commander, Naval A 
UTS. Atlantic Piss 
Commander, Naval A 


Dass Plc CIC Tloas: 
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CCMSUBLANT 


CCMSURFLANT 


CET 
CRT 
CS5 
CSS 
CIE 

CV 

Ce 

DAR 
DARCOM 


D MM 
CLA 
DNF 


j 
2 0 A 
m» U) nm. 
O 


PR 


ee mj hj 
H tmt o4 cn 
t4 H 

txi 


nj 
UJ 


Fd 
iv + O mw 


tal 


De Q O G) 
n WM A 
"A 


{N 
H 


Commander, Submarine Forces, 
Utoe Ac weneic Fleet 
Commander, Surface Force, 
Veen tanec 7L 
Consumer Price Inde 
Cathode Ray Tube 
Geonsclidacsd Syecrems Suppe= 
Coe or Super: Se vices 


Commerciali Test Zquipmsn 


Ameer. C3r5d0er 

Calendar Year 

Defense Acquisition Regulations 
Ge and Readiness 


Command (U.S. Army) 
Digiva l Mulineta 

Defense Logistics Agency 
Determination and Findings 
Department of Defense 


End of Posiod 


tj 
t1 


sable Programmable Read Only Memory 


lectronic Test 


tj 
a 


zquipnent 


Fleet Calibration Activity 
Pose: Mateus al! Sugpes . Offi cs 
Fiat Rave Measurement System 
recae a 

GPETE Erd Item Replacenent 
GPETE Patial ISSUE 

Ganeral Purpose Electronic Test Equipmert 
Gensral Purpose In-2rzface BUS 
Gencsral Serv2ces Adminis-ra-lon 
Grcuna Support Equipment 

GPETE Supoert Item 
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HE 
HESTE 
ICP 
IC? 
TE 
IEC 


TIERE 


IFB 
I/JSATP 


TES 
IMRL 
ECC 

LEM 

LCE 

LSA 
MACL 
MACS 
MATE 
MEASURE 


MEC 
MECCA 


METRI 
MIC-HCBK 
MOERS 
SIL=SID 
MEN 

MTEF 
NAEC 


Hewlett-Packard, Co. 

Hewlett-Packard interface Bus 

Instrument Calipration Procedure 

Averno y Contzcl Point 

Interface Device 

teclat ion al lecarotechnical Ccomms*tes 

Tne entute or Blecrz2cal and 
FleezzonIe 2ngsneers 

Imv-.tasseon Eos Bids 

raus. ey 4Jo: nt Seryice Auzonaric 
Testing Projecz 

pru -gract-ueLoquis-2€5 support 

Individual Material Readiness Lis-* 

Life CyCLe Costs 

Logistics Element Manager 

Level Of Effort 

Logistics Support Analysis 

Mobile Automated Calibration Laboratory 

Mobile Automated Calibration System 

Modular Automatic Test Equipment 

Metrology Automated System for Uniform 
Recall and Reporting 

Metrology Engineering Center 

Modularly Equipped and Configured 
Calibrators and Analyzers 

Metrology Requirements List 

Military Handbock 

Mılitazy Personnel 

Mili ary seandarı 

Military Personasl, Navy 

Mean Time Between Failure 


Naval Air Engineering Center 
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NALC 
NAMTD 


NARF 
NAS 
NATC 
NAVAIR 
NAVCCMPT 
NAVELEX 
NAVMAT 
NAVs FA 
NAVSUP 
NCL 

NEC 
NESEA 


NIE 
Nes 
NSE 
NWS 
OJT 
OMB 

OS MN 
OPN 
CTS 
PDY 
PHCNECON 
PME 
POM 

QA 
MADELN 
SAI 


Naval Aviation Logistics Command 

Naval Aviation Maintenance 
Training Detachnent 

Naval Air Rework Facility 

Naval Air Station 

Naval Air Test Center 

Naval Air Systems Command 

NN UEOURNICS Of Je Conp-zol!>r 

Naval Elactronics Systéens Command 

Naval Material Command 

Naval Sea Systems Conmand 

Naval Supply Sys-ens Command 

Navy Calibration Laboratory 

Navy Enlisted Classification Code 

Naval Electronic Systems Engineering 
Des vwiey (Sto ina gocs, MD) 

Navy Industrial Pund 

Na val Postgraduate School 

Navy Stock rund 

Naval Weapons Station 

On-The-Job Trainiag 

Office of Managemen- and the Budget 

Operations and Maintenance, Navy 

ther Procurement, Navy 
wen shete 
Present Discounted Vaiue 
Telephone Conversation 


Prec S onMHeasur neyssqauiYpnene 


c 
Program Objectives Memorandum 
Quality Assurance 
Radar and Communications Tzster 


Scéence Applications, Irc. 
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Sot 
SHAPM 
SMER 
SOA 
SPCC 
SEPETE 
See RL 


STEAL 
SYSCCM 
TAMS 


TER 
on 
TIIS 


TAIDE 
USAF 
VCR 
WEN 


Supply and Equivage 

Shir's Acquisition Manager 

Source, Maintenance and Recoverabili-y 
States ne JADE 

Sip Ss Parts Control Center 

Special Purpose Electronic Test Equipment 


Suapn'szromsable Blecrrenic/ Fer cau 


e 


C 
Test Equipment Requirements Liszt 


Q 
D 
a 
6 
Ul 
ci 


Shore Tsst Equipaez-* Allowan 

Systems Command 

Toc mand Measuriag S/sters Orrice 
(NAVELEX Code 98T) 

TDextzonıx, Lac; 

Test Instrument 

Transmission Impairment deasuremert 
System 

Test, Measuring and Diagnositic Zquipmsnt 

United states Air Force 

Video Cassette Recorder 


Weapons Procurement, Navy 
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APPENDIX B 
ELECTRONIC TEST EQUIPMENT CLASSIFICATIONS 


Dany clectcomic test equipment (ETE) is classified by 
the Naval Material Command Electronic Test Squier ent 
Classification Board. The board consists cf cre rapresenta- 


fave Cocm NAVAIR, NAVSEA and NAVELEX and is cha»esao Dy 
NAVELEX (an individual other than tna NAV 
five) and meets as required to classify ETE into ona of zke 
following three catagori 3s: 
1. General Puzpose Electron 
Geers is that e<l=sctronic te 
apla — cf, witho mo 
mcdifying or measuring a range of parameters of ele 
mere tuner cns required -to test two O mo 
equipments or systems of basically different design. 
Newly designed and manufactured commercial cf h 
shelf (OTS)  elscrzonlc test eqizpmer= (CTE) used to 
suppcrt one system, will normally be classified as 
GPETE i 


f it is reasonable to predict its use will be 
required wi 


mor= than cne equipmezt or system. 


ith 
2.  Sreccal  Purpo 
de 


se Electronic Test Egusipment (SPETE). 
E cctrzonic est equipmert that is spəcilically 
designed +o generate, modify, or measure a ranas of 
Memamece=S 0%) <lcezzornic Lunctiens of a speciiic or 
ceculiaz nature required to test a Single system or 
equipment, and it is reasonable to predict its use 
With more than one system is unlikely. 
JS Cthner-ETEZz. Any tes equipment not considered as 
eee: GPETE cz SPETE. [ Ref. 54] 


74 





APPENDIX C 
IEEE-488 FUNCTIONAL SUBSETS 


The following tables (Ref. 39] represen: sach of +he 
IZEE-488 standard's functions, exce 2 

tion (which is not applicable to GPET 
Which a given function is implemented in an instrumert 
p-eun.ed by a functional Subs2t designation. GE 
example, in the "Remocte-Local" function, RL0 means thaz the 
function is noz implemen+sd; RL1 means tha- both the "basto 
remote-iccal" and "lccal iock out" subsets are implement cå; 
while RL2 means that only the "basic remote-local" sybser is 
implement:d. 


Full Capability Allows the device to generate the 
handshake cycle for transmitting 
data 


No Capability 


Full Capability Allows a device to generate the 
handshake for receiving data 


No Capability 
DEVICE TRIGGER 


Full Capability Allows an instrument or group of 
instruments to be triggered or some 
action started upon receipt of the 
group executive trigger (get) 
message 


No Capability 
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Full Capability 





No capability 


Basic Remote=Local 


Local Lock-Out 


No Capability 


Basic Parallel Poll 


Remote Configuration 


No Capability 


Basic Device Clear 


Selective Device 
Clear 


No Capability 





Allows an instrument to request 
service from the controller with 
the SRQ line 

X 


Allows the instrument to switch 
between manual (local) control 
and programmable (remote) 
operation 


Allows the return to locar 
function to be disabled 


Allows an instrument to report 
a single status bit to the 
controller on one of the data 


lines (D107-D108) 


Allows the instrument to be 
configured for parallel poll 
by the controller 


Allows all instruments on the 
to be initialized to a 
predefined cleared state 


Allows individual instruments to 
be cleared selectively 
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APPENDIX D 
NAVY IEEE-488 FUNCTIONAL SUBSET REQUIREMENTS 


The following Navy IBEE-488 functional subset require- 
ments are specified an MIL-STD-28800C, "Gareral 
Specificaticn For Test Equipment ror Use With Slectricai and 
pie ana e aqua prensa," varagzanh 3.13.25 2: 

Inzzrface Furcticna Symbol  Su2dssz EReguirsmsrts 

Scurce Handshakes SH Sil reg Uae =d 

Acceptor Handshake AH AH? required 

Talker T piorsquzred 

Listener D L1 requirs 

Service Request SR SR1 required 

Remote Local RL RL1 required 

Parallel Scll 2P not mentioned 

Device Clear DC not menzionead 

Devece Trigger DT not mentioned 
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APPENDIX E 
MATE LEEFE-488 SUBSET REQUIREMENTS 
The fcllowing are the minimum allowable  IZEE-488 func- 
mom SULSE~ requirements for USAF Modular Automatic Test 


Fagepment (MATE) qualified instruments: 


Interface Functicn Symbol  Subsez Reguizsmerts 
Scurce Handshake SH SHO not allowed 
Acceptcr Handshake AH AHO noz allowed 
Make: cr Extended ISE TESTO NO: alle yea 


Talker TEO not ailowed 
DIEZ, TIO DI Sl c 


TEI, TE? TES, TEGI ten G 


Listener ©£ L ormie LO noz allogen 
Extended Listener LEO noz allowed 
Service Request SR Sh Ones ona 
Remote Local RL RLO nor allowed 
RLI preferr=d 
RL2 no? pr:ferred 
Parallel Poll DP Pon 2.22 optional 
Device Clear DG optional 
Deyosce Tnigger DT eprional 
eenercller*k C Co not allioweå 
A AN y orr: 


w plicable <o GPETE  typs i2strcuments which wili 
Aver Serve in the centroller function. 

Ac E o Dosed MATE System Con- 10l Iztərfacs S 

PzoOpszed Standard No: 2806564 Rev. D, FSCM 13004, 05 Mà 
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(Re 


The 
GPETE 


ES 


MET 


FLUKE 
FLUKE 
FLUKE 


Dep 
HP 
HP 
Hn 
mp 


GPIE GPETE AVAILABILITY 


APPENDIX P 


Lo E a 


sollerong is a list of those stan 


5,28,56 ]. 


8800A/AA 
1953 A 
E552: 
3620C 
8660C 
234 0A 
3586C 


"WEINSCHEL 9675-200 
NOTES: 


= 


25 


Unit must be 





5.5 Digi= DĂN 
Counter 

Counter 

Sweep Generator 

RF Signal Generator 
Court er 

Voltmeter 


Sweep Generator 


ased arco US LO 


IEEE-488 Translatoz 


Ores 1S curren 


er Besnarbougn- as 


Ec cn inscallsd. 


Buc GPIB cptien 


LS eer on oni ys" 
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dard = 


zems the author was able <o idan-iiy a 


Mie with GPIB either as a standard feature or 


98 


wien 


a. = 


425 
Feat 
675 


uke 


Ure 


v1 20% 





The following 


Texas, 


Dckonegfro 
Emmett Parker 
Wayne Porter 
Joseph A. Walker 
Mike Foley 
Robert Sioccmb 
ity Gaskill 
V. (P 


Gene Allertcn 


ete) Grier 
Barry Sanderson 
Frank Brooks 

Ken 
Jim Lcpsz 


Neo 


MSDS KECGSl 
Edward 8. Greer 
Paul Wallenber 
ESDESWNSDICS*ahler 


Thomas Leedy 
Les Scott 

A Ea al = y 
Ha T. Riebe 


individuals 


APPENDIX G 


attends 


A TOho 1983; 


Aczivity 


SAT, 
NALC 
NALC 
NALC 
NAIC 
NARF 
NARF 
NARF 
N ALC 
N ARF 
NARF 
NARF 
NARF 
NARF 


DALFI, 


NARF 
NARF 
NARF 
NARF 
NARF 
NATC 
NATC 


Dallas 
Det West 
Patuxent River 
Patuxent River 
Det East 
Norfolk, 


Alameda, 


Type 
Type 
Alameda, Type 
yet West 
Penrsacola, Typ 
pensacola, Typ 
Char O 
Cherry Posie 
Cheney Point 
TiC; S920 
Jackscnviils 
Jacksonville 


= 


Jacksonviil 


T 


North Slan 
h 


Patuxent 


+ 


b 
n 
f 
(3 


= 


t1 
ct 


O 


t 


D 
ti 


d 
2d 
LV 
EY 


UMS 


s 


Patuxent 


Naval Postgraduate 


Nation2l Bureau of 


@erberon.ce Cr. , 


Naval Avionics 


Naval Avionics 
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AC/D CONFERENCE ATTENDEES 


d the 


TE 
igh 
III 


@ III 
e II 


lego 


ES 
66010 
06200 
66300 
SAI/NORIS 
94700 
66400 
94207 
9420 
52120 
N/A 
94461 
94400 
94461 
94320 
94325 
Tues 
Del 
SUe BEI 
N/A 
N/A 
430 
432 





peter Sargent DALEIACHED., Oakland N/A 
Blwen Speaery SAI, Patuxent River N/A 


IN ELONTICP SAI, NCcheluet:in N/A 
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APPENDIX H 
LIFE CYCLE CALIBRATION SAVINGS ANALYSIS 


Eee oe cauchor's request MEC conducted a companetive 
analysis of the time required to conduct an open and closed 
MOOD MECCA calibzaticn. The test instrumenz used was «he 
ISSO A digztal multimeter, thes only instrument for 
Mich obesemwManworten and @€losed loop ICP had been 
Duc c-ouvclwed three teachnictans calibrating + 
Menos. both techniques.  Althcugh the sxace cest ficu 
are not available for reieass, she z22s7% showed an approxi- 
mate 50% reduction in the closed loop node. 


A survey was also conducted via phone convers 


he 


a 
questionnaires to ascertain che estimates of individuals 
involved in automatic calibration system development and 
Rate ri th MECCA. The following estimates were obtained: 
Nane/Activity/Refsrence Eszinats 
Kk Anderton 10-25% 


CCMNAVAIRLANT 532B11 
Mucwecon Of 29 Nov 1983 
robert Cole 25% or mors 
HEC Fomona 
ucc ot 07 Jen 1983 
a o nert BolconE 90% 
Soe NCL Tustin 
Ememecon of 13 Jan 1983 


cx 
14 


MI. Micheal Eagar 20% 
NWS Crane 
Questionnaire 

Mt. Micheal Foley 2524) 


NARF Pensacola Type II Lao 


Questionnaire 
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Ar. Paul Willenborg 25% 
NATC Fatuxent River 


Questionnaire 
Mr. Richard Renfro 10% 
NARF Alameda Type IT Leb 
Questionnaire 
These results were presented az the AC/D Conference in 


plas, Texas on 30 March 1983 (refer to Appendix G for a 
list 0? attendees) and the *ollowsng'nanhour zeduemen 
factcrs wers agreed upon: 
1. Conservative Estimate (curran? MECCA closed loop 
recedures): 25% 


E 
2. Best Estimate (current MECCA clos=f2 loop procedures): 
3 


0 
ast Estimate (revised MECCA closed loop przocedurss): 
0 
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à 
SOFTWARE C 


PRENDIX I 
OST DECISION TREE 


The fcllowing decision tree is designed to assist the 


a um Ram jn G 
decisoz maker in determining =f software development, 
maintenance and distribution costs ars incremental +o a SPIB 


procurement decision. 


START 










Will development of a new ICP be 


required for the non-GPIB instrument ? 










software costs are 
non-incremental and 

should not be | 
considered 


Software costs are 
incremental and 






should be 
considered 












wili development cf a new ICP 
be required for tne 
GPIB configured instrument ? 
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FAILURE RATE DERIVATION 


The repair incidence (failure rats) was de 


| 


Syn hr-suan 
a survey of various individuals highly experienced 1 


-< a p ^ 


i 


poeracvomWand maintenance of TEEE-488 configured test equip- 
ment. Me survey wasweonducected Searough phone conversat 
and questionnaires. Boe *EOLLOwing is a cöonpr> I enger 


the responses: 


Name/Activity/Reference Gee eee ac 
“r. James Cigler Approximately 5% 


NARF Norfolk Type III 
phenecon ct 23 Nov 83 
Mr. Paul Willenborg 1-2 % 
NATC Patuxent River 
Gusstionnaire dtd 24 Feb 83 
Mr. Denald Marshall Less than 5% 
NAS Whidby Island Type III 
phemecon cf 12 Jan 83 
Peete ncal “Eagar Maximum of 5% 
NWS Crane 
pgherecon cf 17 Jan 83 
These survey results were presented and discussed at the 
MeyD Genterence in Dallas, Texas, on 30 March 1983 (see 
Apenas: G for a list Ercthe.conz-zenee ar rendscs). The 
Pemecemeu= of the conference was that 24 failure rate should 
poxnstr2ed. 
icucugn the 2% failure Fats may appear quite lcw, 
Aena dysis indicates othezwiss. Tf one only considers 
meomGeEm@o duty cycle as that time during which the bus is 
use ne, he condition of the bus doss not 
a 


dale time), the 2% failure rate transi 
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mece ween fa2dume (MTBF) of only 94.5 heurs  ((.7 X 2.7 


Uu AcsLoDrat*ion)Z(.02 failures/calibration)) for the sxampis 


used 


or «s significantly lower Gian that calculated by 
a 


€ 
equipment manufacturers during warranty raport prepa: 


in Apperdix S. 


Twc examples are offered. 

HEN I. Fockarä!szuarran:y report on the S672 sigzal 
generator estimates the IEES-488 bus (HP-IB) failure 
rate at .2% per year (based upon 2000 hours per 
esr) (thas =zanslates to 2 MTBF of 1,000,000 hcurs, 
fcur orders of magnituda greater than the  zats used 
m his analysis. add. ronarıy, H-P calcun dtS 
A He IB only contributed .9% to the ovdrall failure 
rate of the instrument. This failure rate, hcwever, 


is Dased on an instrument not connec-sd to ancther 


insterümesn* or controller. It, therefore, does not 
me en e fs:dure rate of the GPIB connector. 
[ Ref. 57] 


Tektronix has calculated the failure rate of a GPIB 
cable (with twe connectors) as .0324% per 1090 hours. 
This translates to a MTBF of nearly 31,900 hours. 
(Ref. 58] 


Because of these low failure rates, tie incremental fse 


haz 


mnuwdftacturers charge tor inclusion of GPIB ¢Etion 


coverage in their annual repair agreements is very small 


Mostro recen zero). Examples are provided in Appendix L. 
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APPENDIX K 
IEEE-488 REPAIR MANHOURS AND MATERIAL COSTS 


The average cost of an IEEE-488 repair Ín terns of 
manhcurs and materials was established -hrough interv 
u 


ey and the completion of questionnaires by vario 


Bude o excerisnced wich bus repair. Ths oliovirg S à 
sampl¢ o= the responses: 
Nams/Actzvlly/RSiersnrcs Manhours Harerzai Cosi 
Mr. James Cigler 2 m2025 


NAR NOEECLIK Tyre II 
phonecon of 23 Nov 83 

De. Paul Billenborg 2 229 
NATC Patuxent River 
Questionnaire dtd 24 Feb 83 

AF. Donald Marshall 2 3.25 
NAS Whidbv Isiand Type II 
phenecon of 12 Jan 83 


Me. Craig Gaby 2 (sous een = rolled sa 
An ler? = packard separats microprocesscr) 
Service Canter, Atlanta 6 (¿£ Duz and SrsTIPUumen- 
Earuecon ct 18 Jan 1983 Son felled, oy a single 


microprocesor 


we --ulbs of this survey Were discussed az the AC/D 
Cee cererce in Dallas, T2xas on 30 March 1983 (for a list of 
arısndses see Apvendix G). The discussion resulted in en 
ao 3 mepnhücurs ezd 3540 o2 macezzal for an average 
Meal action. To A So oO a y o ss ee 
rela+ively low averages was that a high percentage of GP1I2 
Spa ly an volve resetting a circuli carc. 
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Hoener justification for thess 
comes frcm 


P: 


The 


Cpticn in a manufacturer's annual rap 


small, nost often zero (see Appendix L for 
surc-uaelectrcenics  &irms are in business 
money, it can be assumed *hat the GPIB í 
reliable, puts also rəlativəly inexvoer 
gepa!r, 
Th2 carts invelved in GPIB implementa ion 
ally inexpensive. The ¿cilowing 
[ Ref. 59,60] illustrate: 
Texas Inst. 9914A GPIB Integrated Circuit 
SN160 Buffer 
SN i625 BULLE ar 
HP-IB Internal Cable (H-P 5328A Counter) 
HP-IB Circuit Card (H-P 53284 Counter) 


incremental charge 


she, zollow:ng: 


fcm "inclusión ©: 
a 


3 
'O 
ps 
(D 
th 


$16.00 
9.90 
60 
16.50 
2065:00 





GPIB REPAIR CONTRACT COSTS 


herrortewing data zeflects the annual rspal- egrscae 
rates for Tektronix and Hewlett-Packard test equipment avai 
lable with GPIB as an option [ Ref. 61,62]. 


3 
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Cost oz Annual Rspazz Conti2acz 
air Model Nomenclatuzs Nen-GPi3B Week sBIB Delta 
H-P 60024A Power Supply 15 T5 Q 
H-D 6129C Voltage Source 230 239 0 
H-P 6130C Voltage Source 260 260 0 
H-P 6131C Voltage Source 260 260 9 
H-P 8016A dord Generator 360 350 0 
Hee) 8018A Data Generator 360 369 Q 
H-P 8620C Sweep Generator 75 SS 29 
H-D  8660A Signal Generator 265 265 9 
H-P 436A Power Meter 60 99 9 
H-P  1610E Logic Analyzer 110 110 0 
H-P 16153 Logic Aralyzər 85 85 9 
H-P  1640E Data Analyzer 105 105 0 
H-P 280844 Thermometer 160 160 0 
3-2 1980B Waveform Storage 100 jen 15 
H-P 3771A8/E Data Analyzer 280 280 0 
H-P 4262A LCR Meter 125 170 45 
H-P 4942A TIMS 310 319 0 
H-P 4944A IS 310 210 Q 
B228 Counter 30 30 0 
noA Counter 370 370 0 
H-P?  E342AÀ Counter 170 209) 30 

-D 5345A Counter 245 245 9 
3964A Tape Reccrder 260 260 9 
DIOSA Tape Reccrder 29 15 575 Q 
5150 PEE > E 105 105 0 








TEK 
TEK 
TEK 


46a 
S225 
492 


Oscilloscope 
Oscilloscope 


Spectrum Anal 


430 
305 
610 


93] 


439 
305 
630 


© 
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APPENDIX M 
LOGISTICS COST FACTOR DERIVATION 

Ao sto CCS e/Marerial cost ratio. was one of the est 
iilusive elements inthis analysis. Consul -ation “ween 
members of the Naval Postgraduate School (NPS) ciac al 
management facility and phona conversations with NAYSUP, 
MevGOQEPT and the Fleet Material Suvpert Ofticea (FMSO) Zailed 
to locate a viable figure. 


Wirth the assistance of CDR Peter W. Blondin, NPS £i 


if 
fb 
£3 


ys 
(3 


cial management faculty, them Following creo Of be 


£3 


‘Q 
iD 


t 
elements related to logistics system operation costs and zhe 
cost cf materi 


a E 
1. Logistics System Operazing Cosís (Numerator). Ths 


do 
x 
ed cost of operating the Navy logistics system 


SSranat 
was based upon the BOO Wiel iG FY-83 budget 
améeuc-izations: 
Appropriaticn Arsas included Approx Amt 
O&M, N (3A-7) NAVSUP Hdqtrs. D. o0 a 
ICPs/FNSO 2900F 
Stock POTOTtS 220 
Tranepprracrıen 460 4 
084, N (Other BAs) Stock Scenes 100 4 
O&M, DOD TCPeystock Poise s 400 M 
MEN DES S Vas > OD Ly 300 4 
Procurement Investment Costs TOM 
TO TAs APEROXIMATE FY-383 COSTS S 17800m 
2. Supply System Material Costs (Denominator). ekis 
Salou e consists of FY=83 budget authority for spare 
were amd for Navy. Stock Fund (NSF) material. 
Appropriation Arzas included Approx Ant 
CEN Spares Procurement £ 35 M 
WPN SDa S PEOC an: 127 m 


2 





mid- pc 
cost fa 


2 Vere y 


APN Spares Procurement ¡IMSS N 

NSF (085M,N) Spares Procurement 3, Q0 UNS 
Other Stock Funds Spares Procurement SCORM 
Cod, N (BA-7) Eng/Component Rework 1,0303 
TOTAL AFPROXIMATE FY-33 Costs T 
Ma ee eS COst/ieset ial Cost Ratic. DINA OO Eno 


legistics costs (31,840 ñ) by the total material 
Sas eso 030 My yields .2617 (26.17%). 


s 26% figure grossly understates (perhaps by as much 
) n= actual cost za-io because of zas absence of 
major logistics system cost elements which were rot 
le. Amcng these absent cost elements are the 
ng: 
Cests of Aflcat Supply Support. The Navy employs 
numerous supply support ships to deliver supplies to 
the operating units. The apov2 logistics system cost 
estimates do NOt si NGLuds any cos -sS ESE Sm 


C ete ol Logistics Planning- A  qood portior of the 
Naval Material Command and its associated systems 
ccmmands (other than NAVSUP) aze directly involved in 
tre planning and programming of logistics support 
within the Navy. This involvement includes both the 


aequisitien cf major systems and zhe  logistical 


( 


Suppcert of these systems. Since iż was not OSs: Die 


zo segregate individual costs of supply support from 


Ain JO Logistical arsas, WO ccsk for tha Nava 
Material Command or its systems commana (okar zhan 
NAVSUP) have keen included. 

Muse Tesio could be calculated it vould lis some- 


5% and 55% (Ref. 63]. in this analysis the 


2 
or th2s range, 40%, will be used for the logistics 


gor. Fortunately, as demonstzated in  -he sensi- 


RE NEU CSS (Appendix T) the accuracy Of “this factor is 


gr 











nos peritical to the analysis. 


the model's output using 


aer cz as crly 51.10. 


25% 


94 
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APPENDIX N 


FCA MANHOUR COST CALCULATION 


The cost of a FCA manhour is based upon “he NAVCOWPT 

Manual's meee 1S. Leal Coses of Mi LT Personnel 

ervices" (Ref. 64) and an overhead rate equal to chat 

recorded dy the Navy Industrial Funded (NIF) Naval Air 
Rework Facilities (NARFs) during FY-82. 

ieee y Leonor Ccsts. Tna v oo e exe 

upon the average hourly rates for payarades 3-4 and 

E-5 as taken from the "Na 

Militarv Rate Table!" [Ref. 65]. 

Hou R 


Paygrade Hourly Rate 
E-4 7.66 
E-5 9207 

Average 8.36 


This average figure is adjusted for the following two 
factors: 

on- ACS ual: 20.3% 

TER COSC ACO Nal: 230% 


a 
nel Support Costs iacludas 


Retirement Entictle 
Other Fer 
Hers: ros O 
E Hot dguüue-zters, subs:srsnco, medical 


C 
cd cconmiesarvlcostsoBho- 2ncluacd Zn =he 
d 


Bppiccation of these factors yields: 
+s 


Current Ces 


Standard Rate 8: 36 
O*her Fersonnel Support 192? 
Total Current Costs 10,21 


Deferred Costs 
atirement 29 22 


mortal Lator Cost quoe) 


925 





ral 


— de 


2. “Overhead Rate. The overhead applic oi JSN 
Funded activities during FY-82 was calculated 


i com 
che Department of the Navy, Office of Comptroller, 
oa ustsial Fund" Report for ths wwer:od sméing 
30 September 1982. The following figures are taken 
from the NARP section of that repor*: 

Disc Came DOr > 1372 038387000 
Cverh=ad Labor 821355 7,000 
Cverhead Materials & Services 255, 0000 
M eye nead rate was calculated by dividing zo Tel 
eNeznead by direc. labor, yielding 1.59. 
CU ly Overnead Cost. TO ¿void eha’gzna "overhead 
against a deferred labor cost (retirement), «he cver- 


Pead mate is applied only@to the cusrenz hourly labor 
Bose (standard rate and other =) personnel support 
costs). Therefore, the hourly overhead charge 2quais 
mieeGtic rent hourly Labor cost ($19.28) multiplied by 
the overhead rate (1.59) = 310.35. 

4. Octal Hourly Cosz Qf FCA AManhour. The hourly FCA 
St equals tne socal hourly laber cost ($12.50) pilus 
Ere rourliy Overhsad cost ($16.35) .=- $28.35. “Pais 
sure LS rounded down to $28 per hour for use ia tis 
cost-benefit model. 

It is recognized that many substantive arguments can be 
Mede agemmste the derivation cf this figure. IT Could 5s 
arqued <hat application of an overnead charge is invalid for 
a Shipboard FCA because the facility cost would remain 

ven 2£ a man was slininated. Te michi lec De 


^ 


O 
unchanged e 
Co 3t the cverhead charges is actualiy “00 low consid- 


ering the size of the Navy support estadlishment and the 


Aoc wa rd rcsit.on of the FCA in  -hat strzuctuc-cs. 


Un 


Similar legitimate assaults could bs made cn practically 
every facter in this derivaticn. MO We vez 10 Oth igure 
Sealants as CI az one wlth mney te lass 


i 
mevetlvetatce discussed in the fcilowing paragraphs. 
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- 


ISO sEcomructipng-an  "AIMD Cost | Collection P?-ogramn! 


and has developed two  AIMD manhouz cost estima-es. 


+A 


P 
(D 


preliminary results for FY-81 e les Wee Gash G2 6 ord 
Eoo ars Stili under development) list salary/bsnefíts 
E 0-950513 per heur and a total nourly cost (including 
als) of $40 per hour (Ref. 66]. Adjusting these 
y appíicaticn of the miliary pay raises for FY-32 
3 (14.7 and 4.0 percent respectively) co. mas 
Epeesche cit PErticn and application of -ha coñsun 
mmx (Get) for CY-81 and CY-82 (8.9% and 3.9% respectively) 
me he material porticn, yields a FY-83 salary/be¢ a 
Fen eoor HOUT and a FY-83 total cost rate o 
hour. The disparity testween these figures and «ho 
cped for this analysis car be explained in two ways. First, 
ARAS O Sudy considers all AIMD perscnnel including cff 
S-ecueana chief petty officers, whersas this study only 
enen ders PO3s and PO2s. Secondly, she cost of materials in 
a FCA are, on the average, lower than that of most AIMD work 
centers fcr the follcwing reasons: 
1. FCA inductions are primarily scheduled maintenance 


A ne 22 boe, often only z2quire mino? adjustments: 
u 


Most other AIMD inductions are urscheduled repairs 
and, therefore, require part cepiacement a higher 
percentage)? of the time. 

CTS repaizt parts used in the FCA generally consist oft 
relatively inexpensive electronic components. Many 
eee 'repairs 33 other AIMD work centers Zaquirs 
zsplacsmern* of more complex and expenusive componente. 

HL 28 / nou figure compares :0 the following hourly 
REDT ord Oy other calibration and repair activities: 
NARF (averag= £Y-83 NIF LOLz) $ 48.00 
eon fluke COLpora tor 57,50 
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ewe ron lx 60.99 
Hewlett-Packard 65.00 





APPENDIX O 


DISCOUNTING AND THE DISCOUNT FACTOR TABLE 


puoccuseeng is a tecknigqus weed <0 adjust future c%sh 
mows tC hais current value  (pzssen* discounted valus 
(PDV)). "The ores y 
SNA). This is 


medica! 2a ersst rata -, wiri visid 53 


S 
terms. The descount faczor (sroviisd bei 
fraction used to reduce £u 
value (PDV). 

In accordance with DOD Directiv 


(p 
~J 
© 
de 
amb, 
e 
Uy 
w 
iJ 
As 
© 
x= 
qu 
O 
i 4 
t1 
Q 
E 
- 
$14) 
3 


ct 
(1) 
x 
[^ 
I 
pa 
o 
) 
I 
vt 
{-4- 
pa 
1! 
N 
(0 
As 
ys 
13 
if 
M 
pe 
Ui 


Meee Ca *sm percent Ciscount ra 


Amas yezis. The discount rates 


C 
th Ui 
(D 
y fps 
K, 
[ å 
t~ 
i^ 
O 
(D 
[v 
< 
(p 
i 
£n 
Q 
iD 
t 4) 
fu 
d 
O 
ti 
in 


Wec= “end of tre yeaz" factors 


O 
€ 
tJ 
(D 
r 
O 
H 
| 
O 
£ 
we 
3 
Q 
3 
(D 
i» 
tn 
Ó 
in 


ELI erale COL USing average feceors instead of end- 
Be veer Lactors is essentially tworcid: 


MQ OO 


ROW OW 


we Arzer ches Inicial investmSsnt cose, most Of tne 
anc. costs ard bérAgtlcs sSsocsaced MI- a 
mEUHC tudo not'cccur ate s singls Dc-n$ &&R Tife 
Uco. ne 2-2 sppeed *5roughou- -he ysar. Te S 
MS Ey pically cruor" GI Opsrating costs and 
salaraes. Such costs ars Db=S2 apdróxamated by an 
annual lump .paymenz occurzáng it =he middle of 
the year. 

Poe sxact Time cf occcuspesnce oi cos-s and bame- 
fies im Out. yYea=s.of an scoaom&c 1.*e may met de 
ems, isa cenialaty. In zhe absence Of more 
en-eifäc  $nrorzmistior, thers is no ze2eson -0O 
assume cheat these costs and benefits Will cccur 
B0 80»  *he anaivsrsaziıss CE cqui sitor: Trey 
mai: OCCUS at any bolzk <A tae! yeañ. AvYeraq= 
uiccoss fe Getetelly apolt A „=> such COSTS. 
puso don imc LOW Side shoülid occur asbcu- as 
een as ericrs OL tha niga side. So ene ono 
ZUR, there NIE” Pa ož sentir Ser ee 
[Ref. 63] 





O3 "DA CNCN OO OW fu CO ZF 
CMM YOotr- 707109000 -t oon 
CO oY00 P- T+33>—7mMm 
ee 99099999099 o 


rosa 


OT-NNIINIOT-ONOTN 
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APPENDIX P 


GPETE LIPE EXPECTANCY 


Meme =xpectancy Of various gene-zic classes of GPETE 
deraved through the presentation of an input giver to 
Su Or Oy Eb. Earl Hampel, COMNAVAILRLANT Cece 53251, and 


Subsequent revision at tne AC/D Conference in Dall 


Bem~ace on 30 March 1983 (refer to Appendix G ¿oz a list of 


(4 


dees). 


3 


Liss Expectancy ¿s22n31sS 
Instzumenti Type Hampel Inputs ACZ) Revision 
Counters 20 years 12 years 
Oscillcscopes 8-10 years Q years 
Sianal Generators 7 years 10 years 
Digital Meters 10-15 years 10 years 


Tñ chis analysźs, he AC/D revised life expectancies 


will be used. 
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CALIB 
he” TCciloweng i 
MERL Generic and t 
interval for a sanp 
MECCA acriicable ge 
MÉX Medsl Nr 
m- E 970A 
d-F 3465A 
H-P 3469B 
H-P 3476B 
HD 3490A 
H-E 53284A 
H-P 5 300A 
H-E 53454 
H-E 5360A 
E Sale 
Hes 8616 A 
HEP 86 14A 
H-? 8660B 
H-E 8672A 
H-E 86608 
ib 6 18C 
TEK 4654 
HE 1703A 
H-FE 17078 
Heer 180C 
H=P 12018 
AVERAGE 


AP 


E 
IN 


RATION 


a Compa 


20u10) 


Dig tal 
Dana 
Digital 
Digital 
Diga l 
Count ər 
Counter 
Ccunt er 
Ccuntsr 
Ccuntar 
Signal 
Signal 
Signal 
Signal 
OT qned 
Sana 


OSGi bilcsicep= 


A 
ai 


Osee les Cope 
Oscilloscope 
Oscilloscops 


Oscilloscopes 
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Multi 


Mul*ime- 


ENDIX Q 
TERVAL 


pison of 


manufacturer's 


( Ref. 


Uer 


== 


Sr 


“ha 


COMPARISON 


METRL moúci number, 


rascommended calibration 


twenty instruments 


(five 


69,70,71]. 


Q^ 
e 


OW nnnnnnn Wd Won N Or 


O O ON 


Wel (102215) 
METAL MEZ 
12 12 
12 | 2 
10 12 
10 12 
6 3 
24 12 
38 ó 
20 6 
9 3 
12 12 
16 6 
13 6 
12 6 
6 6 
12 6 
18 6 
16 Bc 
5 6 
5 6 
12 6 
à 6 

12.9 JS 





STANDARD MANHOUR COMPARISON 


ime cOllOwi ng is « comparison oí the 


S & 
Sone u-xanbcurs between smsanuf£fscrtursrs' service centers and 


Hwy activities. TWeacy 1n=stoumenbts acanliisied, ¿Ve £20 

each of the generic aroups for which MECCA ICPs nava or wild 

be developed. Navy data is bas2i upon five cac MEAS Ui 
N 


MazasaToay the PRANS Reporg R-1 of 19 JA 

figures ¿ze based upen the curr=snz s 

Meco di vidad by the cussent hnouriy cal2xtra 
for the perticular manufacturer (365/hour tor 


O 
Hewlett-Packard, 369/hour for Tek:ztonix). 


Mfr Model NE Nemencleture ERAM R-! JPR 
TEE 979A Eoqitel Mulitinezes 2:2] desto 
H-E 34654 Dag zal Aula me] = 2.4 233 
gp 34698 Tzglaal MulziMetsrf 2.4 E 
HD 34768 Digital wultineces 1.3 1.9 
HUE 3490A iaa Ll ül- megir 22 dus 
H-E 53284 Ccun ter 2 4.0 
Se 5340A Ccur tar DOCS 4.2 
HIE 53454 Ccunze 4. 4.0 
HE 93604 Ccunter 4.2 Gn 
d 53924A Counter 2 145 
TEK 465 if Cecilloscope Bee D 
H-E 1703A Cscilioscovue 3203 4.0 
BEST 1707B8 Oscilioscepe 6.7 4.9 
Has 180C Cscilloscope 2.0 eo 
H-F 12018 Oscilloscope 2:6 Zee 
Tar 3616A Signal Generarse don 25 
Her 8614A Signal Gene tator 2460 255 
se m 86608 Signal Generator 4.6 425 





HUE 


86721 
BIC 


Signal Generator 
Signal ene tato: 
AVERAGE 
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APPENDIX S 


COST-BENEFIT MODEL SAMPLE EXECUTION 


following 

model dev 
T982 
OMR LX Su 
and tne 


cycle ye 


qQ65M, optior 


Takenga into accoun: the 


to take plac 


cycle calibrations 


aureng ths fo 
ame 36, 


Standard Calibration 


standard cali 


(irom FRAIS rormat R-1), 


> 


> 
“> 


Scf+-wara 


cos 
ware costs 


) 


= 
= TE A ARA ea E MESS 


$0.83 per 
D) 
ware 


cost Of 


Se 
=> 


will b 





Software Maintsn 


maintenance c 


example execution 


eloped in chapter 


Navy procurement of 3000 


The 


catcul 


i (Japan). 


applicable 


The results will then be assigned to 


discounted and 
3000 uni 
9 


aL 


yea 


will bs 


inie a 


49) us 
e at time zerc) 
be 


months: 


will sc 


llowing 0 
Mann ou e 
manhours 

MIO 


For the sake 


Esa ion 


included 


un) = 


Ce 


= 
PUN 
= 


D 


$0. 10 


year 


cost-benefit 
based  upor 
AN/USM-425 oscillo- 


ans 


- de «he 


of the 


5 


. 
2 ue 
de € 


yu 


d 


ations 


OT 


Ex» 


— m a 


yation 


Sac. 


wiil 


totaled. 


æ 
nz 


ES (Per che CO der). 


ZAS MOE Men oscilloscoop: 


n 


ad 


2 


inarhis 

calibra -10L 
a otal of 
heduied for 
26127. u8;, 


2e 
the 


*he 


Lek Con OA 


manhours, 
of 
2 used. 


Or 


3300 Ser year soit- 
DY 3000 unies y 


+he 


ields 


or ach of TiS 





These costs/savings ar2 applied to +! 


(DV) 


Nine years cf the instrument's projected life (th: 
entiresliresor an oscilloseope). 
multiplied by 100 MECCA sites (rounded up fr 


current 93 sites) and divided by 3000 uni-s vieids 


Clo cie Wa TST astsipution Costs. $4 per MECCA s 
o 


macoscmx50dSuDer uir Soz each year of its lite 
cycle; 


Bepeer and Logistics Costs. d zypical EIN pos 


censumes 3 NARF manhours (3144), $49 of materials and 


O SILES eeer zer 7516 (." —X 340) for a t£tcrzal costs 
su OA Over his ins-rumen-'s iire cycla ne 


chance of a failure is 14% ased upon a 2% chance of 
failure upon induction for each of tha seven required 
Gain. bra t 2 OMS. Fourteen percent of 5200 is $28.00. 
This repair cest is charged at the life cvcie'!s nid- 
porn. che fifth year. 
Gave beaticn Savings. The savings resulting ‘from 
elos- d Asp ealisration is 30% of the standard 
manhcurs (2.7) Auleznlyedybyssecher Bern) manheurzess- 
za ($28). This calculation yields a $22.68 Savings 
Denbe =pDl1edgat time zero and years 2, 3, U, 6, 1, 
and 8. 

he appropriate life 
sars, discounted zo obtain a present discounted value 

q 


esfar =O Append: x 


cian totaled as fcllows: 


FA 
1 


0 


Q 


DISCOUNT 
CIOR COST ELEMENT COS TOTAL EDV 
.000 Software Develop (0.83) 
Calib Savings 22:63 
Total 21285 21289 
954 Sortwase Maint (9. 10) 
Scftwaze Dist (0. 13) 
Total (0.23) (9:22) 
2967 Oo len (021.9) 





3 0.778 
- 0.717 
D 05552 
6 DOO 
7 DES 
8 0.489 
J 0.4845 
TOTAL 


Som ware mist 
ESOS 
Lee al 
Scftwars Maint 
Sce ware Dist 
Caleb Savings 
Total 
Software Maint 
Sek war mist 
Calib Savirgs 
Total 
Software Maint 
Software Dist 
Repair/Logistics 
Total 
SoOteware Maine 
Software Dist 
Gap sav qs 
Total 
Software Maint 
Software Dist 
Calib Savings 
Total 
Software Maint 
Sc£twaze Dist 
Calib Savings 
Total 
Scftware Ma? nt 
Software Dist 
Tota 


anticipated Ircremental cost of 


zhan $92.90, 


in a life 
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cycia cost bene 


(0. 13) 

22.68 
22.45 

(9.10) 

(9. 13) 

22.68 
22.45 

(0. 10) 

(0. 13) 

22265 
22.45 

(0. 10) 

(9. 13) 

(28.00) 
(28.23) 

(0. 10) 

(0. 13) 

22.68 
22.45 

(0. 10) 

(2.13) 

22.68 
22.45 

(9. 10) 

(0. 13) 

22969 
22.45 

(9. 10) 

(0. 13) 
(0.23) 


clio tor, GP13 contigqguralizon 
E 


E 


19206 


mr 


16.10 


(18.41) 


12-98 


10.98 


(9. 10) 
92. 94 


GPIB conzigura- 


i 
ct 


h 


(D 





anticipated GPIB 
must detexmine if 


tonal i2fe cycle 


Cost exceeds 


the non-quanr*tifiaples 
C 


ost 


har - @ 
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APPENDIX 1 


SENS ITI VIT ANALYSIS 


> 


Thies sensiri vie analysis evaluates che effect or the 


ers., 
modal 


utput attributable to variaticn of the input parame- 
The Kikisui oscilloscope procurement data used in tne 
ed 


(n 


execution example ie Appendix S “well be u 


PRrzeügnour his analyses. 


Because the mdel output is <he maximun price that c 


E 
Lc Mi ccUGP2TB conft-gusatzon withou- increasing 1if2 cycle 


u 
Bern za zunsch GPIB wculd have to be free in order for + 


the "break even voint" (zero dollars) Quen 


here 
o life cycle cost disadvantage. 
Precurement Cuantity. Because the fixed software 
costs are amcrtized over che vorocursment quantity, 
ene model is sensitive to quantity va tations at “he 
lcwer procurement levels. 
Procurement Quantity Model Output 
3000 IN 
1000 8733 
500 80.11 
250 69726 
100 20273 
78 0209 
Całibrażicz Manhour reduction Zacioz. Because cali- 
meanen sanhcurs savings Is the only quantified 
cernsefiz in the modei, any variation of its elements 
Pete wees ao nica empact og tae mcdsl's outpnu-. 
Reduction Facter Model QuzDuz 


50% seta > 7 
30% 9o 9u 
25% 136433 
20% 24.60 


1:99 





10% 
5.3% 


10235 
8m 00 


Standard Calibration Meahcuzs. Like the calibracion 
manhcur reduction baon, standard celibrerior 
nanhcurs Mec ely -impacts ¿ne Cond quen e 
benefit. Therefore, the model output is sensitiva to 
Pace vend OMe Ulli ke the calibration Aarhour Zeduc- 
pon factor; this input element can usually n= 
Ieee mael aith c=lativa certiaintv because oT! the 








SP SMS EOL ihs MEASURE data. 
Siardarzd Manhours Model Output 
050 > 9.00 
Um 2 09 
2. 00 61.46 
2210 92.94 
3.00 102.54 
4.00 JS Si XS 
5. 00 184.71 
AE OUT CCST . Because the only cost savings 
zere. 1. ditrecely propes = Onal”™ Eom he ren nankcur 
ccst, the model is very sensitiva to its variance. 
FCA Manhour Cos* Model Output 
t 40 140.67 
35 120.50 
30 100533 
28 92.94 
23 80.15 
20 59.98 
15 39.81 
10 19.64 
A3 0. 00 
Calèrraticn Interval As was the case with standard 
calea ion manhours mie Caleta lou interval cam 
usually be oktained fron EX scan datas LiKE 
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previous parameters 
ticn savings, 


calibration 


hea 
the model 


interval. 


dXreccly 


ls" sersNbeve tOo varti 


aftected 


Calib interval Nr Calib Model Qu: 
6 months 18 5265.49 
12 months 9 U2 8459 
16 months 7 92.94 
24 months 5 02.41 
36 months 3 33.04 
48 months 3 2d 2g 
60 months P 18% 78 
Rerazr and Legistics Costs. Repair and 1 
costs may be varied by changes to the failu 
average repair time, material costs, and/cr 1 
costs. These elements are considered separat 
a) Failurs Rate. Because failure rate 
Gverall repairs costs; ene model” is mote s 
ALAS va riancse tEniaftiva> 725 tom Weriancs 
individual repazr cost elements. 
Failurs Rate Model Output: 
0.58 $ 106.94 
1% 102.07 
% 32.98 
5% 65.516 
282% 0.00 
EB) BRepaizzr Tine. Repair time would have to 
Sag. cicante co have a great impact 
medel'< output. 
Repair Time Model Quípuz 
ean D 101,71 
AS OS 
SARS 92.94 
5 MHRS gu. 19 
10 MERS 02029 
24.2 MARS 0.00 
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Ciao nal Costs. Lixressopair me, material cos*e 
weurd nave tó vary substantially to have any 
Sedaeeicddcelm@pact On the model out pur. 

Mazezial Cest Model Ourpur 
$ 40 5 94.22 
80 Oy ea 
200 72.46 
500 34.06 
766 0. 00 

Eos ce Coet Factor. Variation of “he legiszies 
Bes- factor has very little efrieck on the acdels 
CUTOUT. 

Logistic Factor Model Outputs 
2589670 0.00 
2:90 87.10 
1. 00 20275 
0.255 92 39 
0.40 92. 94 
UOS oon 42 

Number of MECCA Sites. The number of MECCA Sites 

Givecacects serzyare dist=2bution costs and, thers- 

fore, the model is very insensitive to its variation. 

MECCA Sites Model Ouzrpuz 


100 5 92.98 
250 91.54 
400 20203 
10,012 0.00 


axtremely insensitiv 

a) Scftware Development Costs. The $2,500 ICP deve 
opment cost is as fiz 
analysis. However, Sv 
75.900 1. would only equ 
Sameera. 
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D) 


c) 


software Maintenance Costs. Doubling tre annual 
ICP maintenance cost rc $600 per year weuld cri} 
decrease the model's output by $ 0.70. 
Software Distziburicen Costs. Doubling the annual 
AOS a icon costs to $900 per year voul only 
decrease the model's cutpuz by 3 0.9. 
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APPENDIX U 
AVAILABILITY REDUCTIONS DUE TO IEEE-488 INSTALLATION 
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bad 


esults of this survey 


Nane/Àciivity/RsfÍsrencs "Hang Un" 2rcbaniiiry 

Me Ei chard Calhoun DStomescoscpoOoSssibility 
MEG Pomona 
poenscopcof 29 Nov 1983 

mami Cheal Fcley "Highly Improbable" 
NARF Persacola Type II 
pusr-con ctf 21 Jan 33 

Mr. Paul Willenborg Has heard of one such 
NAIC Patuxent River DNeldeace 
Heres Of 24 Feb 83 

Mr. Rebert Mawson Does not believe chat i+ 
John Fluke Corp. is possibie. 
pDmcnccon cf 29 Nov 1982 





RO Let AO LCcomE Cisne RoODeD le" 


SR TENCL Tustin 
pLonecon of d3-Jan MOSS 


Hus Creig Gaby Bus failure very saldon 


Hzwletr-Packard Service affects 
Cerger 2arlarnta 
BRen=eesn or 18 Jan 1983 


The findings of this survey were Diese 
E 


Comtberence on Dallas, Texas on 30 March 198 
fore cme Se OL. .E2ttazndees) . The consensu 
conference attendees was that the possib 


falewmeeson is renote, 
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APPENDIX Y 


ITEEE-488 SUBSET REQUIREMENTS FOR AUTOMATED CALIBRATION 


The following 
requirements represent 
Greer, Naval Air Test C 


Calhoun, 


Acceptor Handshake 
Talker cr Extended 
Talker 


Eıstene- or 
Extended Listener 
Service Request 


Remote local 


Parallel Poll 
Device Clear 


Device Triage 


TEEE-48 8 


the ident 


automated 


Syn DOs 


SH 
AH 
Le oes 
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RL 
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Edward 
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aad Mr. Reever th 


= 
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allowed 
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allowed 
nio. TESTE 
allowed 
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PO NOT 
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allowed 

allow 
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requi 
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eferred 


NO al 
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(D 
t4 
13 
(D 


DP2 optional 
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INEA LOA 25 a Ceamparison of hə GPIB  subse- 
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cz MATE r=quizements (Appendix E), and the re 
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Sete Naad Shake: SHiI required by ell sources. 
Neceoercc- Hendshekc. AAT requizsd by all sources. 
Talker or 2xisnded Talker. 
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pepesnt from SDN, June 1982. 





feawewmnon= conversation between LCDR Siahl®E anid tr. 
dessus Toager, Hewlett-Packard Se eT 21 dile say 
Division, aa Baer. CA 29 April 1983. 
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